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In the cinbno of the lower animal, and in the human embrjo of 
B mm , in le'^s a dcheate line extends from the axillary to the inguinal 
region along the jiinetion of tlic .ihdommal wall and the membrana 
retiniens It is known as the milk line and eonsisis of an epidermal 
thiekening whieh latei hit.d\s up into ten or twehe nodal points, the 
rudiment^ of the future mammai\ glands 

In difteient .inimals a x.irying numhei of these glands persist and 
undergo further de\elopment while the remaindei disappear, so that, 
with the eomplel’on of de\ eleipment, eaeh .inimal is provided wnth the 
numbei of mammare glands normal to its kind, and in positions in 
eonformit} to its type 11 Sehmidt has show-n that human embryos 
are proeided with <i somew'hal \ariable number of these rudiments, 
althougli noimally only two suivive, situated on the thorax in the 
pectoral region 

In embryos of from 14 to 15 mm the rudiments are eomposed of 
circular aggregations of epidermal cells dipping downward into the 
derm Later each becomes divided into a number of segments, and 
the central cells, becoming cormfied, are cast oft At that time the 
future mammary gland appeals as a depression on the skin During 
the next few" months the cellular segments elongate and become more 
or less cyhndnc, so that there is considerable resemblance betw^een the 
appearance of the mammary rudiment and that of a sudoriparous 
gland This has led some to believe that the mammary glands are 
enlaiged and modified sweat glands, but the definite manner in w"hich 
their rudiments are outlined seems sufficient to show" that they are 
special organs At this time the epithelial cylinders are solid, and so 
they remain, penetrating moie deeply and more w"idely as the fetus 
grow's 
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Immediately aftei birth, in both sexes, the central cells of the cylin- 
ders disappear by \acuolation, and they become hollow and almost 
immediately filled and later distended by a copious exudation of fluid 
in which more or less fat appears, either as free droplets, or as droplets- 
enclosed in cells similar to, if not identical with, the colostrum cells of 
the adult breast before lactation 

This is the so-called “witch’s milk ’’ ‘\t the time it appears there 

are no acini, such as appear during lactation in the adult breast The 
secretion seems to exude from the ducts, lining which are cells which 
may contain fat droplets In the course of a few w’eeks, the secretion 
and the enlargement of the gland that accompanies it gradual!} disap- 
pear, the fluid IS absorbed, the tubules contract and return to much 
the same condition as before the change occurred, except that the lumina 
subsequently remain distinctU patent The ])arench\ma of this still 
rudimentary mammar} structure is distributed throughout a seemingh’' 
dense fibrillar tissue beneath the skin 

At a time, varying from the tw'clfth to the se\cntcenth }ear, usually 
betw'een the thirteenth and fifteenth years, the glands in both sexes 
undergo further development, with \er\ little increase in sire in bo\s, 
but with great increase in sire in girls The dnision of the parenclnma 
into segments or lobes can be obserxed in the latter There arc troin 
ten to tw^enty of these segments oi lobes indistinctly scjiarated from 
one another by intermediate bands of dense fibrillar tissue derived from 
the subjacent fascia, but so blended wnth the general connective tissue 
of the organ as to baffle demonstration bv dissection 

The lobes, not definitely separable, have a pyramidal form, the 
bases at the periphery, the apexes at the centei, where they comerge at 
the future nipple The parenchyma, at this time, consists of branching 
ducts, radiating from the nipple and distnbuted throughout the con- 
nective tissue 

At birth there is no nipple, instead there is a slight depression at 
the center of a circular area of modified skin, knowm as the aieola- 
It is m immediate juxtaposition to this that the parenchyma of the 
future breast lies, and as it begins to grow' at the time of puberty, the 
areola becomes elevated and projects m the form of a conical eminence 
As the ducts continue to extend centnpitally, and the stroma increases 
in quantity, the elevation embraces more and more tissue beyond the 
areola, the size increases, and a hemispheric shape is gradually assumed 

The hemisphere, how'ever, remains sui mounted by the small primi- 
tive cone so that the entire breast at this time is conical In the darker 
colored races this is sometimes the final form of the mamma, but in. 
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Caucasians theie is a further change incidental to the appearance of 
inusculai tissue about the nipple and backward traction of the fascia 
between the milk ducts The result is flattening of the cone and the 
projection of the nipple In the hi easts of males the changes are much 
less striking, but there is increase of the paienchyma and de\elopment 
of a nipple 

Up to this time the breasts of both sexes are substantially alike, 
cxcejit that that of the female greatly exceeds that of the male in size 
and m the quantity of parenchyma But wdiat seems to be commonly 
o^ Cl looked IS the fact that the breasts of both sexes frequently remain 
m this state of simplicity throughout the entire life of the individual 
unless some stimulus determines further development On the other 



Fig 1 — Necropsy specimen from normal breast of R N, aged 3 weeks, 
showing the dilatation of the ducts by the “witch’s milk ’’ There are no 
lobules and no acini The magnification is too low to enable the cells lining 
the ducts to be recognized (From the Philadelphia General Hospital ) 

hand, in many cases, at this early period, and for no discoverable 
reason, the breasts seem to assume a much more highly complex 
development with the formation of the well known textbook lobule 
So far as known this structure never makes its appearance in the 
male breast, and in those cases in which the male breast has engaged 
in milk secretion, it seems to be through the activity of the cells of the 
ducts, as in the infantile activity resulting m “witch’s milk ” 

According to the descriptions in the textbooks, the lobule is the 
characteristic element of the parenchyma of the mammary tissue It 
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IS of inteiest, ihciefoic, to find th.it theie .ne many ca^cs in winch it 
IS com])letely or almost completely absent In the bre.ists of seventeen 
girls and w'omen know n not to have borne children, and ranging m age 
from 12 to 70 years, no distinct lobules weie found This at first led 
to the assumption that the breasts of women that had never been preg- 
nant were continually without definite and well formed lobules, and so 
gave the impression that it was possible from the examination of the 
breast alone to discover whether a woman had been picgnant or not 
This seems to be a mistake Through the kindness of Dr Joseph C 
Bloodgood, an opjiortunity was presented to supplement the study of 
the senes of breasts secured at necropsy with breast tissue surrounding 
benign tumois of the breasts of unmaiiicd girls and }Oung women 
known not to have been pregnant, m many of which lobules were 

1 \RLE 1 — OiMHTioN 01 Till P\mN<inM\ in Tin Rio vst oi Womin 
Known not to Hvvi llvn CinimoN 
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piesent, some being well formed Ihe histologic structuie of the viigin 
breast is therefore v*aried Foi convenience of desciiption it can be 
divided into paienchyma and stroma 

I The Paicnchxma — In its most simple foim the paienchyma con- 
sists of tnbulai structures that ate e.isily recognized as ducts In 
sections thev^ may appear singly oi may be collected m gioups 'To 
the latter it seems appiopriate to apply the teim ) udiuicntai v lobule 
They differ from the developed, oi textbook, lobule thiough the absence 
of distinct periductal tissue 

The size of the ducts is variable, some aie small, with veiy incon- 
siderable lumina , otheis are laige, with widely dilated lumiiia They 
almost alw^ays have distinct lumina, piimaiily because of the infan- 
tile secretion already leferred to, and because of subsequent periodic 
actnnty of a secretory character It is well known that young women 
not infrequently experience slight tenderness of the bi easts at the time 
of menstruation, and some of them arc at that time able to discover a 
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slight aninunl nf moistiiic in tlic bi casts (Jthcis obsene swelling of 
the glands. ,ind a tew aie able to expiess consuleiable w'atei)' secietion 
Rare cases are on record in which with each iccunmg nienstiual penod 
a distinct milky scciction has occuiicd 

The ducts ap])caiing in the sections aie not always empty Ihey 
aie bkclv to contain moic oi less jelly-bkc matciial that piobably 
lesults liom the action of the fK.itues on the pioteins in the secietion 
which thc\ contained and m it thcic may be some admixture ol fatty 
molecules 

The ludimentaiy lohulcs may be numeious and huge and may 
jiass b} imperceptible gi.idations into the at\])ical or textbook lobules 
which aic ch<uactcri7cd h) the picscncc of abundant peiiductal tissue 



Fig 2 — Necropsy specimen from iionnal breast of T B, man aged 38 The 
stroma of the breast corresponds to the perilobular stroma of the virgin female 
breast In it only a few fat cells can be detected The glandular parenchyma 
IS represented solely by ducts, and the structure is identical with that found in 
the breast of the young virgin (From the Philadelphia General Hospital ) 

The structure of the ducts is simple, consisting of a basement mem- 
brane, not always easy to define on account of its thinness, and a single 
layer of cells The appearance of these will vary according to the 
region from w'hich the section is removed If deep m the breast, the 
ducts are ahvays lined with epithelium of cuboidal type , if near the 
nipple, by epithelium which becomes higher and more nearly columnar 
as the dilatations — milk sinuses — below the nipple are approached 
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If a milk duct could be followed fiom its ending in the nipple to 
Its beginning deep in the parenchyma, it would be found that the 
squamous epithelium of the outci skin dips .i shoit distance into it, 
then suddenly changes to columnai epithelium, w'liich continues a con- 
sideiable distance, until the duct has divided sc\eral times, after which 
It gtadually changes to cuboidal epithelium As the fragments of tissue 
collected for the piosecution of this lesearch wcic not intended for 
the determination of the structure of the ducts, they w'ere taken fiom 
deeper poitions than w'eie appiopnatc, <md obscrv.itions on this point 
were meiely incidental Rugosity of the ducts was \cry common, as 



Fig 3 — Necropsy specimen from normal breast of M W, colored girl, aged 
12 >ears The stroma is almost entirely composed of piirelj fibrillar, perilobular 
connective tissue Extending from the lower edge of the section toward the 
blood vessel, to the left of the center, there is some interlobular connectne 
tissue The parenchyma consists solely of ducts and minute rudimentary 
lobules, one of the former being conspicuous to the right of the center, one of 
the latter is in the upper left corner There was no fat m this breast, though 
it was quite shapely and well developed (From the Philadelphia General 
Hospital ) 

might be predicted from the frequency with wdiich they are subject to 
distention and contraction with the variations of secretory activity 
From the rudimentary lobules composed of congeries of small ducts, 
wnthout the number of tubular sti uctures and the connecting periductal 
tissue characteristic of the classical lobule, one passed, in the series of 
cases studied, imperceptibly into the latter That is, there w'^ere cases 
with no parenchymatous structures other than ducts, cases with rudi- 
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jiicnlary lobules, eases \\itli luclimcntaiy lobules of large size, cases 
■uitb laige and small rudiiuculaiy lobules and small classical lobules, 
iuid eases with many laigc classical lobules 

So fai as could be detei mined, there was no diflerence between the 
lobules m these viigin bi easts and those m the mammae of parous 
■women so that the picscnce oi tibsenec of lobules does not form a means 
of determining the Migmal state of the bicast Ibe consideration of 
fuitbei paiticulais of the bistologe of the lobules themselves will be 
postponed until the luston of the mammaiy lobule is described 

But here it must be jiointed out that the development of the breast 
at the lime of pubert} , as well as later, and its extreme development at 



Fig 4 — Necropsy specimen from normal breast of L D , white girl, aged 
12 jears, showing rudimentarj lobules in the virgin breast, as well as the peri- 
lobular connective tissue abo\e them and near the two opposite diagonal 
corners, the interlobular connective tissue which contains a few fatty deposits 
The perilobular tissue is purely fibrillar m character (From the Philadelphia 
General Hospital ) 

the time that it is preparing for lactation, can only be accounted for as 
depending on certain stimuli If these are efficient, the breast develops 
irrespective of everything else 

Of the nature of these stimulants nothing need be said here, the 
subject IS physiologic, and is sufficient to fill a good sized paper in 
itself , but with respect to the response to stimuli, it is necessary to point 
out certain things at this point In certain cases the stimulus may be 
excessive and come early, so that the growth of the breast at puberty 
does not cease at the development to the usual size, but continues to 
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an enoimotis Si7c — piibeity h}peitiophy Ag.iin, there aie numcious 
eases in which the puberty hypei trophy is followed by the att.minKnt 
of the normal size, but the oecuiiencc of piegnancy is followed by the 
excessive deeelopment — piegnaiicy hypcrtiophy 1 hen thcic aie still 
other cases in wdiich for no disco\erable ie,ison the bie.ist develops 
excessnely, sometimes umfoimly and on both sides, sometimes only on 
one side — nondesciipt hypeitroph) But what is of more mteiest now 
is the fact that the grow'th may be limited and loeah/ed, and therefore 
not leferable to endoeiine substances leaehing it through the blood 
but apparently dependent on local conditions icsidcnt in the breast 
Itself Such seemed to be the ease in numerous of the sections shown 
by Bloodgood taken from tissue sunoiinding benign inc.ipsulated 



Fig 5 — Mammar}' gland of Mrgin rat The animal ivas tliree-foiirths grown 
and in fine breeding condition , but it had been kept from the males fberc 
are no lobules , the parenchj'ma of the gland is composed solely of ducts 

tetmors in young w'omen and guls The appeal ance of the mammar}' 
tissue dif¥ered accoiding to the proximity of the tumor Aw'ay from 
it, the breast had a composition like that of the virgin breast already 
described , but as the tumor was approached, the lobules became largei 
and larger, until many of them appeared exactly hke those of a breast 
that had recently been lactating Unfortunately, theie w^ere no sections 
available from other parts of the breasts of these subjects from wdiich 
it could be determined whethei this development of the lobules was 
as local as it seemed, or was to be found in paits of the breast i emote 
from the tumors 
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]'iom scxcral o1 the sections it difficult to come to any othei 
conclusion than that the gcneial stnictuie of the hi east was composed 
of a parench}ma made up of rudimentaiy lobules, which mci eased in 
size and de\ elopment as the neighborhood of the tumor was reached 
But legal dless of such local conditions as may play a part in then 
de\ elopment, and of unusual stimuli gocernmg then occasional matura- 
tion, It IS jwcgnancy that is the great deteiminei of lobulai growth and 
de\ elopment in the hi east, and to it I shall letuin later 

II 7 he St) oina — 1 o the palpating fingei s the noi mal breast is soft 
but lacking m unifoimity It is hard to describe the exact sensation, 
but It IS commonly said to be “coidcd,” the source of the inequality 
being icferred bv some wiileis to the presence of cessels and milk 



Fig 6 — Necropsy specimen from normal breast of J S, white woman, aged 
22, showing the mucinoid stroma, as well as the fibrillar structure of the juvenile 
mammary gland There is no fat in the perilobular tissue shown 

ducts It is obvious that this is a mistake Vessels are few and 
deeply seated Milk ducts are also centrally and deeply seated, and 
their delicate structure makes it impossible to feel them The 
real source of the inequality is the structure of the stroma which is 
peculiai both m quality and in distribution It is primarily and funda- 
mentally fibrillar, and may be divided as follows 

1 Interlobar Connective Tissue This seems to be derived from 
the pectoral fascia, and extends upward, dividing the whole substance 
of the gland into the lobes already described In it a varying quantity 
of adipose tissue is present The general fatness or leanness of the 
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"body seems to have little to do with the quantiU of adipose tissue in 
the breast, howevei The hi easts of some lean women contain a great 
deal of fat and aie large in consequence, those of some fat women 
contain very little fat and aie small in consequence In the breasts of 
one ver} fat woman, m our necropsy senes, there was scarce!} an\ 
adipose tissue 

2 The Interlobular Connective Tissue This extends throuirhout 
the entile mammary tissue betw'cen its lobules, or m the case of virgins 
helween the potential lobules represented by the ducts and rudimcntar\ 
lobules In it occasional fat raciioles ina}’’ be found at any age. but fat 
regularly begins to appear as age increases Tins is not a fixed rule 
but it applies w^ell m averaging the cases, with lespcct to both \irgins 
and parous women as wull be evident b\ comparing the accompanying 
tables showung the conditions of the slrom.i in parous and nonparous 
w'omen 


T \BLE 2 — itticfioscopic Stklctuui oi thi STPOMvorTiii Biti \st 
IN Pmiocs \\n IN Nonp M ines Womin 




Niimbir of 

\jirn»,p Xgi 



Casi •• 

of WOIIKII 



Studlid 

ir*- 

1 NonpTro«= i\omcn 


17 

S(17 

Stroinn llbrillnr orili 


i> 

24 

stroma llbrillnr and iimtinoul 


A 

42 

Stroma fibrillnr imicmoid and fiitti 



V) 

Stroma fibrillar and tattj 


A 

S') 

11 Parous Momcn 


121 

40 2 

Stroma fibrillar onij 


11 

S2 7 

Stroma fibrillar and mucinold 


(.2 

42 0 

Stroma fibrillar, imiclnoid and fattj 


IS 


Stroma fibrillar and fatti nio^tlj fattj 


o 

3S 

Amona tlio nonparous aomcn the stroinn «ns muiliiold in 


41 17 per cent 

Among the parous iiomLO tlie stroma iins mucinold 

in 


SS 7 per cent 

Among the nonparous nomon tlie stroma was fattj 

in 


41 17 per cent 

Among tlie parous a omen tlie «troma was fattj in 



41 12 per cent 


It IS thus seen that though there may be considerable adipose tissue 
in the interlobar tissue of the breast in youth, not much is to be 
expected to appear in the intei lobular tissue until after the menopause 
This may have an important bearing when it is remembeied that in 
excising fragments of breast tissue for microscopic examination, the 
interlobar fat which is immediately visible is usually avoided in favor 
of the white tissue of the breast itself, which consists in large measure 
of the interlobular tissue 

Since the adipose tissue is so unequal in its presence and distribu- 
tion, It cannot be to it that the breast owes its softness, the organ is 
soft, though firm in youth when very little fat is contained m its sub- 
stance, soft and flabby in old women, when much fat is present The 
fibrillar breasts of youth are protuberant, the fatty breasts of age, 
pendulous 
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The intcilobulai clisti ibution of the adipose tissue in the breast of 
3 'oung women and its inteilobai and intei lobular distribution m the 
breasts of older women ma\ laigely explain the inequality of the mam- 
mary tissue to which the ‘ coided” sensation is due The softness of 
the adipose tissue altci nates with the firmei fibrillar tissue But there 
IS another factoi of gieat importance m accounting foi the soft con- 
sistenc} of the mammal} tissue, that is. the mucmoid condition so 
common m its connectue tissue As has been shown in the tabulation, 
41 per cent of the hi easts of nonparous women and 88 per cent of 
those of parous \\omen showed this condition in the fragments of 
tissue examined It is quite piobable that if greatei aieas of the breast 



Fig 7 — Necropsy specimen from normal breast of W S, white noman, aged 
81, showing calcification of the middle coat of a branch of the mammarc artery 
(From the Philadelphia General Hospital ) 

tissue had been subjected to examination, a greater number of breasts 
would have shown it Here is introduced a source of error that gen- 
erally pervades the research The breast is such a large organ that it 
IS quite impossible to subject every part of it to microscopic examina- 
tion, a supposedly representative sample is selected, and with w^hat is 
seen in it one must be content, especially if a large number of cases 
are to be studied 

The change that is called mucmoid seems to result from some kind 
of softening of the collagen fibers of the connectu e tissue, which seem 
to lose distinctness and coalesce in a homogeneous mass through wdiich 
capillary and other blood vessels and ducts are distributed and in 



12 


IKCIIJI J:s Oh \VRL,LR) 


which lobules may he embedded At first it was supposed to be truly 
mucinoid, and like the gel.itmous ehangc so ficquently seen in the 
tissue of tumois But it fails to gi\c the ehemieal icactions of the 
mucins, and it has not been possible to determine its true nature It 
w'as at first looked upon as pathologic and possible rcfciahle to dis- 
turbed conditions of the cii dilation, piob.ibly depending upon disease 
of the blood \essels \s will l.itci be show'ii, disease of the bloori 
eessels is of not infiequent occuirence m the bicast . but it is imjiossiblc 
that the condition under consideration, wdiich occurs m S<S per cent of 
noimal hi easts and sets in aftci middle life with such regularite can 
be so caused It is sometimes found as caih as the eighteenth \tar. 
and occuis in both mi gins .md p.iious women 
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Fig 8 — Isccrojisj spcciincn from normal lircast of M C, white woman, 
aged 53, showing a corpuscle of Pacmi It lies as is usual, m tlie inter- 
lobular connective tissue, not iar from the blood \cssels (From the Phila- 
delphia General Hospital ) 

It has, moreover, a somewdiat legulai disti ibution, occuriing lather 
more frequently in the mteilobnlai than in the perilobular tissue soon to 
be described In some cases it occurs in the form of occasional 
fibers wdnch, among those of ordinary appearance, show" it through 
greater size and homogeneous appeal ance, sometimes w"hole strands 
of the fibers show" it, sometimes gieat aieas of tissue aie so alteied 
as to appear structureless and colorless or reddish from the eosin 
counter-stain 

3 The Perilobular Connectne Tissue This immediately smiounds 
the ducts and lobules m a more or less concentric fashion and seems 
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lo be the last to undeigo eithei the fatty oi the mucinoid change In 
many cases it is a distinct and easily lecognizahle tissue, hut in others 
It IS difiicult to sepal ate it from the interlobular tissue It must be 
distinguished fi om the pei iductal tissue, which is intralobular, and will 
he consideied with the paienchyma Its distinctness is possibly due 
to the diiection in which the section is cut Should this be a fact it 
will seixe to explain wdiy m certain sections it is so distinct as to cause 
the section to he du ided into many distinct entities, as the liver is 
diMcled into lobules in the center of each of wdiich there appears a 
duct .1 small lobule This perilohulai connective tissue is destined 
to disapiieai m part or altogether wdien lactation hypertrophy occurs, 
and might, theiefoie he exjiected to he of delicate structuie and 



Fig 9 — Jsecropsy specimen from normal breast of M M, white woman, aged 
25, eighth month of pregnancy The lobules have already attained a large size and 
mail} of the acini are dilated by beginning secretion which also fills the ducts 
(From the Philadelphia General Hospital ) 

mucmoid character That is, however, not the case , it usually appears 
dense In all of these connective tissues there are collagen, fibrogha 
and elastic fibers, varying somewhat in quantity and in distribution 
according to the activities and metamorphoses through wdiich the breast 
has passed in the course of a long life, including numerous pregnancies 
and lactations 

The stroma of the breast also contains vessels and nerves Their 
presence depends upon the part of the organ from wdiich the fragment 
foi examination has been excised 
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1 Aitenes These are iisuall} small or of mecliuni si/c, and are 
contracted Occasionally, they show calcification of the middle coat, 
when they seem to lose their normal resisting power and undergo 
more oi less dilatation As usual, the c.ilcification seems to he pre- 
ceded b} h3\aline degeneration No calcified vessels nere found before 
the menopause They A\erc discovered at the ages gn cn m Table 3. 

2 ^ eins The only change obser\ed in the \cins was dilatation, 
wdiich seemed to be of frequent occuriencc 

3 Nerves Nerces w'ere present in a number of the sections 
Most of them w'cre found uncxpectcdK , thc\ were sometimes single 
and sometimes in groups No pathologic alteiation was noted m any 
of them 

The occurrence of the coipuscles of \*ater. or pacinian corpuscles, 
w^as noted be Kolliker many years ago, but it is unusual to sec them 
in sections made foi pathologic study It is probable that misinter- 
pretations liaAe arisen from their peculiai appe.irance and raritj One 


1 ^BLE 3 — \ri b \T Which Cmciihi) \’’isshs W hh Found 
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w^as showui to a competent microscopist who after examining it critically 
suggested that it w^as a peculiar form of laminated thrombus In the 
150 cases upon wdnch this research is based they w'ere found eight 
times Being normal and permanent structures, m all probability con- 
nected with the sensory system of nerves, the age at wdnch they occur 
IS of no consequence, varying from 16 days to 78 years Like the 
nerves themselves the pacinian corpuscles are found in the interlobular 
connective tissue, near the larger blood vessels They are large and 
striking objects, and not to be mistaken foi anything else, by those 
familiar with them 

Except there be such obvious pathologic disturbances as suppura- 
tion, round cell infiltration, calcification or hemorrhage, the condition 
of the stroma of the breast seems to be a very insecure guide to the 
determination of the normality or abnormality of the organ, as it 
varies greatly according to the age, the sexual activity, and the indi- 
viduality of the patient Most of the breasts that come to microscopic 
study have been removed surgically, and taken from middle aged 




Mcr 4RL4ND— RESIDUAL LACTATION ACINI 


15 


^\onlen who have borne children They piesent an appearance char- 
actenstic of that time of life and activity, with which all surgical 
pathologists become familiar A breast from a virgin, many years 
}ounger piesents a very different ai>pearance In the former, there 
IS likely to be a considerable admixture of fat, with coriesponding- 
diminution of fibrillar tissue, m the latter, there may be no adipose 
tissue, and much fibrillar tissue, a condition that is likely to be mter- 
pieted immediately to mean a pathologic condition of fibrosis, especially 
^\hen the large amount of parenchyma in the former is compared with 
the very small amount m the latter, and the absence of lobules is taken- 



Fig 10 — Necropsy specimen from normal breast of E R , white woman, aged 
23, who died of puerperal sepsis two days after the birth of her third child_ 
There is great inequality in the size of the acini, some of which are entirely 
empty and contracted, others widely dilated, as in full lactation hypertrophy 
(From the Philadelphia General Hospital ) 

into consideration It is suspected that the growth of the fibrillar tissue 
has resulted in the extinction of the lobules, when, as a matter of fact,, 
there never were any there, and the presence of the fibrillar tissue 
IS normal 

THE EVOLUTION OF THE BREAST FOR THE PERFORMANCE OF ITS^ 

FUNCTION — LACTATION 

The great modifier of the mammary structure is pregnancy It 
IS with the occurrence of this state that the lobules invariably appear,- 
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and after the menop.uise, wlicn it is no ioiif^tr possible, tli.it they tend 
to disappeai Most of the sul>se(|uent histoi\ of the in.iinin.ir\ gl.md 
has, Ihcrefoie. to do muIi its lobules 

The Hi^toix of Ihi Mdiiiniatv Lohuh — 1 he st.irtintt point of the 
in\ estie^.ition should he the eh.int^es th.it oetui in the breast of the 
pnmip.ua. and lead to the .i])peai.uiie of the laetation tissue The 
raiity with whieh jit inii])arous woiiicn die in the e.irh months of 
piecjn.meN expl.iins tin lirst diliieiilte inefiunteied — the inabiht} to 
obtain the desned .md neees«.at\ iii.itei i.il In our eolleitioii theie were 
liut two e.iscs of \ei\ e.iil\ pie/^n.iiii\ , but m t.itii tliere ii.ul iiei n 
prioi pregn.uicies lie whuh the eonditions wen so modilied .is to 



I'lg II — \tcroi)s\ s|)ceimeii from norm i! l)rL.i'>’ of M M winte, lyed 
mother of si\ cliilclreii, one of whom she w is mirsinji it tlie time of licr de ith 
Die breast shows full I let.ation Inpertroplu under low minmfieation I he peri- 
lobular tissue Ii.is disapjie.ired and tlie mtirloluil.ir tissue is represented oiih 
by fibrous partitions tliat sipiport the lilood lesseK The aeini, wlucli art soiiu- 
wdiat collaiised bee iiise tbe seeretion eseaiied wlien tbi tissue was cut, aie 
of irregular shajic and into main of them slender projections esteiid like 
stumps of luptured iiUerlobui.ir siiitnms Simil.ir foim.itioiis .i(>i>t ir m the 
residual lactation aciiii (From the Philadelphi i Geiitial llospitil) 

make them \aluclcss m answ'eimg tlie ciuestion of the caily ehanges 
In eaeh the efleets of the pi c\ tons l.ietations w'eie confused watli those 
of the present one 

The obsei vations, theiefoie, w'eic begun w'lth the study of the 
1)1 east of a young pnniipaia in the fifth month of piegnancy At this 
tune the mciease of mamniaiy paienehyni.i w'.is astonisliing , there 
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being a laige nunibei of lobules, vaiying in size from minuteness to a 
diameter great enougli to fill an entire field under a low power 
magnification (Zeiss A A, ocular 4) 

It is evident tlierefoie, that the mammary hypertrophy does not 
progress unifoimly, but is moie rapid m certain portions than else- 
where Picsumably, a study of the structure of the smallest of the 
lobules gi\es the best clue to the inception of the process From 
these sections, U was detei mined that the hypertrophy of the paren- 
chyma begins through budding fiom the ducts In not a few areas 
there uere small ducts wiiiikled and puckeied. as though buds were 



Fig 12 — Necropsy specimen from normal breast of E R, white woman, aged 
23, delivered of a babv, Jan 23, 1921, died of streptococcic puerperal infection a 
few days later m the Philadelphia General Hospital The breast is in a con- 
dition of full lactation hypertrophy but no active secretion has begun The 
quantity in the acini is not greater than it is in the earlier months of pregnancy 
(From the Philadelphia General Hospital ) 

growing out from their walls From these, other smaller puckers were 
sometimes discoverable, as though secondary buds were forming from 
the primary ones 

At these points, there was no discoverable basement membrane, 
(The basement membrane of the parenchyma of the mammary gland 
IS always difficult to define except m lobules long inactive ) The 
epithelial buds seemed frequently to be solid and composed of masses 
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of cells without differentiation Through early vacuolation and fatty 
secretion by the cells, the centrally situated cells disappear, leaving 
lumina in the new formation In this manner the parenchyma 
developed, acinus being added to acinus, and groups of acini collecting 
about the ducts and ductules The acini first formed usually showed 
more or less secretion, which appeared in the sections either as jelly- 
like cylinders, or as collections of jelly mixed with fatty globules of 
considerable size 

There was another element of the parenchyma that merits attention 
— the intralobular or periductal connective tissue The budding of the 
parenchyma scarcely begins before the growing ducts and developing 



Fig 13 — Necropsy specimen from normal breast of C P, aged 28, white 
woman, mother of four children, date of last lactation not known The greater 
part of the illustration shows parenchyma m the earlier nuclear stage of 
involution The large lobule on the left has delayed its involution and its 
acini retain the lactation appearance Such elements may evolve into residual 
lactation acini (From the Philadelphia General Hospital ) 


lobules are surrounded by broad areas of peculiar pale connective 
tissue, sharply differentiated from the perilobular tissue, and suggesting 
b}^ its looseness and pallor an edematous condition It is into this loose 
soft tissue that the budding parench^mia extends at first But soon 
it seems to reach a point when it is no longer necessary for it to be 
preceded by this new formation, and it grows more rapidly than its 
associated connective tissue which seems to be lost by distribution 
In breasts of women in the se\enth, eighth and ninth months of preg- 
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nancy, periductal tissue is scarcely to be seen, the entire enormous 
lobules being composed of closely approximated acini The dense, or 
seemingly dense perilobular connective tissue is thrust aside in some 
manner, giving the impression that the growth of each lobule is like 
that of a benign tumor in which there is no peripheral infiltration, 
but only interstitial expansion The perilobular tissue is not invaded 
and opened uji by the acini, it is jiushed aside and thinned more and 
more by the lobules, as they increase in size, until it is brought into 
juxtaposition with the interlobular tissue 

Secretion of fluid seems to begin almost as soon as the parenchyma 
begins to grow , hut it is only after the fifth month of pregnancy 
that expression of fluid from the nipple is possible The colostrum 



p,g ] 4 — Necropsy specimen from normal breast of S S, white woman, 
aged 19, died one year after having borne her first baby The breast shows rapid 
involution In the upper part of the illustration there is a large lobule almost 
entirely composed of periductal tissue Below are several circumscribed lobules 
more nearly corresponding to the textbook illustrations There are also sev- 
eral small uncircumscribed lobules (From the Philadelphia General Hospital ) 

cells seem to be the central cells of the newly formed acini, vacuolated 
by fat, or filled with fatty molecules that escape from the future acini 
as they are in process of forming lumina They are relatively few in 
cases in which the secretion is scanty, and the lumen formation of the 
acini delicate, and many \\hen there is much secretion and the lumen 
foimation considerable Sometimes quantities of them collect in the 
larger ducts It did not seem possible that they were, as some think, 
leukocytes distended with molecular fat 
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At the end of pregnancy, the quantity of parenchyma m the mam- 
mary glands vanes greatly in different cases In general, when 
compared with the quantity found m the breast of full lactation, it is 
surprisingly small, and gives the impression that lactation with adequate 
nutrition of the child would be impossible There must be increase 
during the first few days postpartum, greater than anything that has 
gone before, probably through the new stimulus resulting from the 
application of the child to the breast With the “coming of the milk” 
all of the newly formed acini dilate widely to an extent that seems to 
cause the rupture of some of their walls, as many of the larger ones 
have portions of interacmar septums sticking out like stumps into their 
spaces The dilatation causes the partitions between the acini to 



Fig 15 — Necropsy specimen from normal breast of S S, aged 19, white 
woman, showing an uncircumscribed and disrupted lobule following rapid involu- 
tion The patient had had a baby the year before she died Fat cells can be seen 
in the interlobular tissue at the sides of the illustration The periductal tissue can 
scarcely be recognized because of confused growth into the perilobular tissue 
(From the Philadelphia General Hospital ) 

become thin and the cells to be flattened The flattening of the cells, 
together with the presence of many globules of fat in them, makes it 
difficult to determine the exact structure of the interacmar walls, with 
respect to the presence or absence of both mammary and basket cells 
They are probably both there, the latter being compiessed and difficult 
to see 

In full lactation hypertrophy, the periductal tissue disappears from 
view, the perilobular connectne tissue can no longer be found, the 
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adipose tissue is completely absorbed and the interlobular connective 
tissue remains onl}'^ as narrow strands separating large groups of lobules 
Upon more careful observation m appropriate cases the outline of the 
lobules by the perilobular tissue can be made out, and gives an impres- 
sion analogous to that produced by the outlining of the lobules of the 
liver of rodents by the bands of periportal connective tissue 

Thus the breast attains its full glandular perfection, and is trans- 
formed into a parenchymatous structure composed of lobules of fairly 
uniform size, closely approximated, and made up of newly formed 
structures, the acini In this state it remains as long as the mother 
continues to lactate With the weaning of the baby, the parenchyma 
ceases to be of further use , it seems by nature to be superfluous, and 
nature at once begins the process of getting rid of it 

TA.BLE 4 — S\NOPSis of thl Microscopic Studies of Sixty-Eight Brfasts 
OF Women of thf Child-Bearing Age 
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H 

Groups * 

HI 

IV 

s 

V 

No lobules m tlie sections 

15 

0 

0 

0 

3 

Lobules, large and numeious 

0 

3 

9 

7 

0 

Lobules, large but few 

0 

1 

0 

1 

0 

Lobules, small 

0 

5 

2 

3 

0 

Lobules, -vestigial— disappearing 

0 

5 

11 

3 

0 

Lobules well circumscribed 

0 

3 

3 

2 

0 

Lobules, not well circumscribed 

0 

5 

7 

4 

0 

Lobules uniform 

0 

1 

1 

1 

0 

Periductal tissue conspicuous 

0 

2 

4 

0 

0 

Periductal tissue not uniformly distributed in lobules 

0 

5 

15 

10 

0 

Periductal tissue by aline 

0 

1 

0 

0 

0 

Residual lactation acini 

0 

2 

2 

1 

0 

ificrocysts 

0 

1 

2 

1 

0 

Large ducts, numerous 

0 

2 

3 

0 

0 


' Group I iDcludLS the hren'ts of iiomen Lnopn not to Inti had childien microscopic 
confirmation, Group II, those of women Lnopn to have Ind children, microscopic eonflrma 
tion Group III, those of women Lnown to have been married microscopic evidences of 
lictation. Group IV, those of women in whose history there is no information as to matri 
niony or maternity but whose breasts show microscopic etidences of lactation, and Group V, 
those of women with no history or microscopic etidence of lactation 


THE INVOLUTION OF THE BREAST AFTER LACTATION 

It must, of course, be understood that the evolution of the paren- 
chyma may miscarry anywhere along the line, and further development 
cease Such a condition arises in cases of abortion, miscarriage refusal 
on the part of the mother to nurse her child, the death of the infant at 
the time of birth, etc 

In these cases the breast ceases to evolve, but the occurrence of 
the pregnancy haAing been enough to initiate the formation of lobules, 
although incomplete!} de\ eloped, they at once begin the changes char- 
acteristic of imolution 

The process of m\olution rarely pioceeds uniformlv and regularly, 
because all parts of the secreting breast are not uniformly actne in 
secretion at the same time unless it is uhen the child is applied to 
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the breast and the maximum of secretory stimulation brought about 
The examination of sections of breasts preparing for lactation and 
ceasing lactation will easily convince the observer of this, for in both 
cases there will be found m the same lobules of the mammary paren- 
chyma a number of acini that appear of small size and are empty, 
and others that are distended with some kind of secretion It seems 
as though the retention of the secretory function by some of the acini, 
and their distention by the products of that secretion interfere with 
the uniformity of involution The varying degrees of interference 
arising from the varying conditions obtaining m difterent breasts cause 
remarkable differences in their microscopic appearance In the same 



Fig 16 — Necropsy specimen from normal breast of W F, married woman, 
aged 26, no history (From the Philadelphia General Hospital ) 

way, the differing conditions obtaining in different parts of the same 
breast, and the diftermg conditions obtaining in different parts of the 
same lobule, occasion dissimilarities in the histologic structure of dif- 
ferent parts of the same breast, and of different parts of the same 
lobule It IS, therefore, not a simple, but a complex, series of events 
that characterize involution, with resulting different appearances, some 
of which prove very perplexing because their origin was not under- 
stood, and they have been misinterpreted by the best pathologists 
The mammary lobule is a temporary and transitory structure that 
usually exists m a rudimentary form before pregnancy occurs, and is 
destined to disappear after lactation is ended The rapidity with 
^^hlch the lobules disappear varies greatly In one breast of a young 
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woman, 19 years of age, who had had a baby one year before, there 
were a few small lobules fairly well conforming to the textbook 
description, while in the other breast there was scarcely a single one 
The parenchyma had disappeared without distinct lobular formation, 
and with the most bizarre appearances of acinar and ductile vestiges, 
difficult to describe, but well shown m the illustration On the other 
hand, the breast of a woman, 87 years old, still contained a few 
structures that could be recognized as vestiges of the definite lobules 
of long ago It IS necessary, though, to recognize rudimentary lobules 
in the virgin, fully developed lobules during lactation, decadent lobule^ 
during involution, and vestigial lobules after the menopause 



Fig 17 — Specimen of normal breast from surgical case (A, B, white woman, 
aged 40), showing the typical textbook lobules that are supposed to represent the 
resting condition of the gland 

The general tendency of the mammary gland, therefore, seems to 
be to return to its virginal condition, and to contain nothing but ducts 
The fulfilment of the tendency is, however, commonly interrupted by 
recurring pregnancies, and the complications interfering with involution 
to which reference has already been made 

Beginning with what seems to occur in cases m which involution 
takes place under most fa^ orable conditions, and without complication, 
the sequence of e^ents seems to be somewhat as follows The acini 
of the lobule being empty and no new secretion being produced to 
fill them, they yield to the pressure of the elastic tissue m their walls 
and contract to a smaller and smaller size until the lumen can no 
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longer be seen At about the same time, the cytoplasm of the epithelial 
cells seems to shrink until it becomes difficult to see In the meantime 
the periductal tissue which becomes visible again as the epithelial 
elements cease to preponderate over it in importance shows multiplica- 
tion of Its nuclei The result is a remarkable nuclear appeal ance of 
the lobule, whose other elements have become so obscuied that they 
are no longer recognizable So similar are the nuclei arising in the 
periductal tissue and those of the decadent epithelial cells that it may 
be impossible to determine to what kind of cell a given nucleus belongs 
The epithelial cells undergo progressive extinction, beginning, to all 
appearances, with those of the peripheral acini, and extending toward 
the ducts which persist as the alveoli of the classical lobule With 



Fig 18 — Specimen from the same breast as in Figure 17, showing, to 
the left of the center, fat deposited in the perilobular tissue This is very 
rare in the human breast but it is the chief mode of assisting in the removal of 
the excessive parenchyma m the rat after lactation has ended 

the disappearance of the epithelial cells, the lobule loses a great deal 
of its nuclear appearance and comes to resemble more closely the 
classical lobule, except that the periductal tissue seems to be in excess, 
and usually irregularly distributed, loose and nuclear As time goes 
on, the periductal tissue becomes more and more condensed or differ- 
entiated and the alveoli compressed The latter grow smaller and 
smaller, and one by one disappear, as the whole lobule shrinks more 
and more Eientuall)^ the once large lobule is represented by a minute 
congeries of aheoli surrounded a ver}f small amount of, or perhaps 
by no distmcth recognizable, periductal tissue and a mere vestige of 
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a lobule (vestigial lobule) In the course of time these also may dis- 
appear, and the only parenchyma to be found m the breast may be its 
ducts In cases with complicating conditions, things may progress 
differently 

The simplest form of complication is conceived to result from the 
continuance of the function of secretion by some of the acini after 
the greater number have ceased, a greater and more disturbing com- 
plication than that which results from the retention of secretion m 
the ducts This kind of interruption of involution may affect all 
of the acini of a lobule, but far more frequently only a few of 
them When it occurs, the unaffected acini undergo the changes 



Fig 19 — Necropsy specimen from the norma! breast of J H, white woman, 
aged 58, showing uncircumscnbed vestigial lobules in the postchmactenc breast 
The stroma of this breast was highly mucinoid and but slightlj' fatty (From the 
Philadelphia General Hospital ) 

already described, while the affected oneb remain dilated and their cells 
unchanged The subsequent events seem to depend upon the duration 
and permanence of the acinar dilatation Beginning with cases m 
which the secretory function soon ceases, or tlie detained secretion 
escapes, it is found that the emptied acini, instead of retracting and 
contracting, now collapse, their opposed surfaces falling together, so 
that the formerly rounded spaces become fissures of creMces m the 
cellular area representing the lobule In such cases, which b^ the w'a} 
are rare, the wdiole lobular parenchyma seems sometimes to undergo 
disappearance b^ softening beginning in the more centralh situated 
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portion, and extending peripherally, resolving itself into more or less 
unrecognizable debris, which when later removed leaves an irregular 
space 

But when the secretory function persists, or obstruction prevents 
the escape of secretion already within the acini, the undilated acini 
m the lobule follow the usual plan of involution, while those that are 
dilated remain unchanged as long as the secretion is present, or at 
least until the periductal increase, which seems to lead to, or assist m, 
the parenchymatous extinction, is completed, and one of the prime 
factors in involution has disappeared The result is the frequent pres- 
ence in lobules, otherwise well advanced in involution, of single or 



Fig 20 — Necropsy specimen from normal breast of F B, aged 62, white, 
widow, showing uncircumscnbed vestigial lobules in the breast after the 
menopause (From the Philadelphia General Hospital ) 

multiple rounded spaces, usually appearing at the edges of the lobules 
in the beginning, but projecting from the edges as they grow smaller, 
and eventually becoming entirely separated from them, though still 
in approximation to them as their disappearance progresses Though 
the acinar epithelium elsewhere disappears, and assumes in the alveoli, 
which represent its only surviving remnants, a crowded and indefinite 
arrangement, that lining these residual acini retains much its original 
character and appears as a single layer of distinctly cuboidal, or, 
even in some cases, almost columnar cells, possessed of considerable 
cytoplasm Such structures are present in many sections of mammary 
glands, and are commonly looked upon as sections of ducts, or groups 
of ducts 






McFARLAA'D— RESIDUAL LACTATION ACID I 


27 


The occurrence of such acmi, in varying degrees of moderate 
dilatation, among others naturally retracted and extinguished, causes 
a peculiar form of lobulai disruption, that constitutes one of the most 
striking signs of past lactation They may be described as uncircum- 
scribed lobules 

The peculiar behavior of the periductal tissue and the relatively 
large quantity of it that appears at the time of involution lead to the 
conclusion that it plays an important part m the extinction of the epi- 
thelium Appearing as a highly cellular and excessively nucleated 
tissue. It soon passes beyond the nucleated stage, and becomes fibrillar 
Its quantity varies greatly m different cases, that is, m the bi easts 



Fig 21 — Necropsy specimen from normal breast of C R, aged 84, uhite, 
widow There are no lobules, but their former position is indicated bj epi- 
thelial lined fissures surrounded by condensed connectne tissue formed by 
mixture of periductal and perilobular tissue The relation of the interlobular 
tissue to this altered perilobular tissue is well shown (From the Philadelphia 
General Hospital ) 

of different persons, in the different breasts of the same person, in 
different parts of the same breast, and in different parts of the same 
lobule 

In what may be regarded as t3'pical cases it is not strongl)" m 
evidence, and the typical textbook lobule results from comparative 
uniformity in its distribution but from this it passes through e\ery 
intermediate step to cases m which it is so excessne as to suggest 
beginning penductal fibroma In some cases it presents a mucoid 
appearance, that is its fibers seem to be separated u ideh b^ some 
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intermediate translucent substance, as in embryonal tissue Under 
these conditions it becomes striking, giving the decadent lobule a great 
size and exaggerated importance Like the epithelial elements of the 
parenchyma, however, it seems doomed to final extinction, and it is 
easy to determine the truth of this by the examination of a series 
of breasts of women that have passed the menopause, in not one of 
which are excesses of the periductal tissue to be found In very rare 
cases fat cells penetrate into the periductal tissue 

Its final disappearance as an important structure seems to take 
place by contraction, by rearrangement and by confusion with the peri- 
lobular tissue For a long time, it is a distinct entity surrounding the 



Fig 22 — Necropsy specimen from breast of L J , colored woman, aged 19, 
who died of hemorrhage from ruptured ectopic pregnancy in the third month of 
the second pregnancy The section shows a new lobule developing to the left of 
an old one in advanced involution (From the Philadelphia General Hospital ) 

alveolar elements, sharply separating itself from the perilobular tissue 
and making a sharp boundary for the lobular structure As tbe lobules, 
however, more and more completely disappear in the breasts of the 
aged, It becomes less distinct, blending more and more with the peri- 
lobular tissue, until it may be difficult to define There are cases m 
Inch the breasts of old women contain small, regularly formed atypical 
parenchymatous structures that may be either rudimentary or vestigial 
structures 

In estimating the rapidit}”^ of involution, and noting the disappear- 
ance of the lobules after the menopause, allowance must be made for 
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ceitain circumstances that seem to play an important role in their 
extinction, namely, the age at which the last child was born, and the 
number of children the woman has had Thus, accepting 47 as the 
average age at which the menopause occurs, some women have their 
last child but a year or two before, others as many as twenty-fi\ e years 
before In the former case there will be large quantities of parenchyma 
to be got rid of, at the age when the greater part of it should already 
have disappeared, and when some exhaustion of the force of involution 
might be expected 

Occasional breasts contain large lobules years after the menopause, 
and in some cases small lobules as well as vestigial lobules can be found 
until old age The facts as given above, however, apply to the average 



I'lg 23 — Necropsy specimen from normal breast of M A, white woman, aged 
87, married, showing a small lobule composed of residual lactation acini, with 
degenerated eosinophilic cytoplasm of the remaining epithelial cells Manj 
of the cells are w'lthout nuclei, and some have become fused into ill-defined 
masses All of the remaining parenchymatous elements in the breast showed 
the usual staining quality (From the Philadelphia General Hospital ) 

case and the conclusions are based upon the careful study of fift}-four 
breasts of women, more than 47 years of age 

Before dismissing the subject it is necessary to point out that the 
lapid groivth and excessne development of the periductal tissue seem 
to be a function of youth and that inyolution seems to progress much 
more rapidly at that time than in later life 

It is possible that uith each successne lactation a new group of 
lobules eyohes and declines It is usuall) taught that the second, and 
later, lobular deielopments are through the resurrection of the aheoli 
that hai e pre\ lously entered upon the “resting state ’ This ma\ need 
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confirmation It is sometimes possible to see m the breasts of those 
that have died early m a second, or later, pregnancy the newly forming 
lobules, as well as the relics of the antecedent ones In one such case 
the new acini were seen forming in close juxtaposition to an old lobule, 
but seemed to be quite independent of its structure 

It may be, therefore, that the lobule having once performed its 
function declines toward final extinction, new parenchyma for each 
lactation being formed, as the preceding parenchyma was, through 
budding from the ducts 

The most striking appearances observed in the course of mammary 
involution result from the survival of some of the lactation acini These 



Fig 24 — Necropsy specimen from normal breast of M E, colored woman, 
aged 55, married, twice pregnant The only lobule composed of residual lac- 
tation acini IS shown in the illustration It showed highly atrophic eosinophilic 
epithelial cells, with scarcely any intermediate or surrounding periductal 
tissue There was scarcely any dilatation of the acini All the other 
glandular tissue found in the section had followed the usual type of involution 
(From the Philadelphia General Hospital ) 

Will be spoken of as residual lactation acini They are of frequent 
occurrence, present a variety of appearances, and have been the subject 
of various and erroneous interpretation, the most important of which 
IS the supposition that they are the beginning of tumor development 

RESIDUAL LACTATION ACINI 

The residual lactation acini are undoubtedly known to all surgical 
pathologists and ha\e attracted much attention, but few pathologists 
have busied themseh es so much in endeavoring to determine what they 
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are, as in determining what they might do It was in reality the lattei 
question that was the starting point of the present investigation But 
before it was possible to answer that question it was necessary to find 
out what they were It seems, therefore, best to continue the considera- 
tion from that point of view 

They are well recognized entities in cases of cancer of the breast, 
and occur in such close relationship to the cancer nests as easily to 
have led to the supposition that they are its starting point They 
are not infrequently pointed out as the precancerous condition — “pre- 
cancerous stage of cancer ” They are also frequently found m normal 



Fig 25 — Necropsy specimen from normal breast of E R, aged 72, white, 
married, mother of one daughter Two minute cystic residual lactation acini, 
from the walls of which short rounded stumps of preexisting interacinar 
septums project These consist of irregularly cuboidal or columnar epithelial 
cells, amalgamated into coalescent masses in some of the knobbed processes, 
and show markedlj^ eosinophilic cytoplasm The nuclei, when preserved, stain 
uniformly and intensely (From the Philadelphia General Hospital ) 

bi easts, then suggesting other and different explanations, as, for 
example, Krompecher’s theor}'^ that they are aberrant sweat glands 
included in the mammar}’^ structure It seems as though all of these 
opinions are but the result of inadequate knowledge of the process of 
involution and the many different appearances to which it may give 
origin 

In the present research all of the appearances presented b} normal 
breasts collected at necropsy have been carefully collected arranged 
in a series that is supposed to express the whole sequence of events 
in involution, complicated as well as uncomplicated and in this =enes 
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these curious residual lactation acini have their regular place It has 
already been pointed out that occasional acini, singly or in groups, 
sometimes fail to undergo involution at the regular time because of 
complicating circumstances It next becomes necessary to determine 
what becomes of them 

When a single acinus is thus disturbed, it soon appears in a marginal 
position because of the disappearance of its fellows, and may even 
seem to be an entirely separate and independent entity of ducthke 
appearance, groups of acini meeting the same fate appear as approxi- 
mate ducts, and may be passed by the microscopist without arousing 
interest It seems possible that occasional structures of this kind may 
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If instead of single acini, groups of them or considerable parts 
of the lobule become residual, a different appearance results Atrophy, 
either as a manifestation of the general process of involution or from 
the pressure exerted by the dilated spaces, may cause the interacmar 
septums to disappear, and the neighboring spaces to coalesce into 
a larger space, either regular in shape if filled with fluid, or irregular 
if partly empty, and made peculiar and striking m appearance by the 
presence of relics of the former partitions that remain projecting 
from the margins in the form of stumps that may be simple and sug- 
gest folds or wrinkles, or complicated and suggest papillary excrescences 
So long as the lining epithelial cells are not substantially altered, 
even these may be overlooked, or regarded as evidences of unimpor- 



Fig 27 — Necropsy specimen from normal breast of A W, colored woman, 
aged 40 Nothing concerning the personal history of this patient could be found 
out Her breasts, however, showed such quantities of parenchyma m ad\anced 
in\olution that there seemed to be no doubt of antecedent lactation The irregu- 
larity of involution and the delay in the atrophy of a few' acini of a lobule 
are w'ell show'n, as is also the thinned interacmar partitions, some of which 
seem to be rupturing In this case the epithelial cells had not jet assumed 
the eosinophilic qualit\ that comes w'lth advanced atrophic change (From 
the Philadelphia General Hospital ) 

taut proliferation of benign character But if, as sc commonh 
happens, the cells take on a highly eosinophilic staining qualitt the 
whole formation becomes so striking in appearance as to excite interest 
and give rise to speculation Such spaces, lined with eosinophilic 
epithelial cells seem occasional!} to retract their crowded cells becoming 
compressed assuming either a columnar or the spindle shape The cells 
may also occur in seteral lajers, the acini may continue to dilate and 
the interspaces to attenuate until neighboring acini of large ‘=i7e 
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become separated by mere shreds of mteracmar connective tissue, with 
epithelial cells on either side These later attenuate to the point of 
rupture, when neighboring spaces coalesce with the formation of cysts 
It makes no difference whether the rupture of the partitions comes 
early, while they are relatively thick, or later when they are thinned 
by distention , the end-result is the same There is, m either case, the 
formation of a larger space into which the vestiges of the original 
partitions project as stumps, corered on both sides with the same eosin- 
ophilic epithelium that originally lined the acini In a few cases the 
spaces collapse, their walls fall together, and there result shthke spaces 
of elongated shape, like empty ducts 

More frequently, however, the spaces continuously dilate until 
they become cysts, varying in sire from visibility to several centi- 



Fjg 28 — Necropsy specimen from normal breast of A C, white woman, 
aged 55, married, showing a group of residual lactation acini The partition walls 
are extremely attenuated and some have ruptured, leaving stumps projecting 
Eosinophiha was just appearing in some of the cells m this area (From the 
Philadelphia General Hospital ) 

meters in diameter (“blue domed cysts” of Bloodgood), in the begin- 
ning lined with high columnar eosinophilic epithelium, sometimes in 
several layers, later with cuboidal cells, still later with flattened cells, 
and finally without distinct cells of any kind 

The varying appearances presented m different cases and at different 
times by the residual lactation acini, may be arranged serially as 
follows 

1 Single acini, or groups of acini that differ from their fellows 
in the same lobule, in that they escape involution and remain dilated 
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2 Similar structural units, remaining at the edges or near the 
periphery of lobules well advanced in the process of involution They 
are lined with single or multiple layers of epithelial cells like those of 
the acini in general, though sometimes the cells are more columnar in 
shape and more crowded 

3 Similar units, with all of the described qualities, occurring m 
the perilobular tissue, and seemingly apart from any lobules 

4 Groups of such units, the individual members of which are sepa- 
rated from one another by considerable intervals of fibrillar connective 
tissue 

5 Groups whose members are separated by narrow intervals, 
scarcely consisting of more than a double row of epithelial cells 



Fig 29 — Necropsy specimen from normal breast of B D, white woman, aged 
75, married, showing three residual lactation acini very indistinctly, because the 
eosinophilic quality of the cells was so marked as to make it difficult to photo- 
graph their red bodies The partitions are thin but have held, and there are 
no stumps The spaces give the impression of partial collapse (From the 
Philadelphia General Hospital ) 

6 Groups in which the contraction of the space crowds the epi- 
thelial cells and causes them to encroach upon the lumen, with an 
appearance of proliferation 

7 Groups m which distention of the space results m the formation 
of microcysts, with various epithelial cell linings 

8 Groups m which the epithelial cells early acquire an eosinophilic 
staining quality, and a relatively large size Such quality may charac- 
terize any of the groups previously mentioned 

9 Groups of any of the foregoing m which the atrophy of the 
intermediate partitions between the units causes them to coalesce 
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10 Groups of such kind m which the stumps of the partitions 
remain projecting into the common space, covered with epithelium of 
the same quality as that which lines the spaces 

11 Cystic dilatation of such coalescent acinar spaces, with gradual 
obliteration of the projecting stumps of the original mteracinar spaces 

12 Cysts that may be several centimeters in diameter, formed 
through the dilatation of single or coalescent acini of any of the forms 
mentioned 

13 Irregular crevices or spaces in the tissue of the breast that 
follow atrophy of the mteracinar partitions and collapse of the acini 

Thus, the careful study of what is to be found in the normal 
breast m its various stages of involution, and the arrangement of the 
peculiai modifications of the process of involution m series, leads to 



Fig 30 — Necropsy specimen from normal breast of F B, aged 68, white 
widow, showing several residual lactation acini, the larger with stumps of 
atrophied mteracinar septums projecting from the upper side The scanty epi- 
thelial lining was highly eosinophilic m quality and cells had frequently 
coalesced (From the Philadelphia General Hospital ) 

the inevitable conclusion that the “Schweiszdrusen” of Krompecher, the 
“cyst-adenoma” of Schimmelbusch, the “senile parenchymatous hyper- 
tiophy” of Bloodgood, the “abnormal involution” of Warren, the 
“secondary epithelial hyperplasia” of McCarthy, etc , are no more than 
variations m the involutional process, in which residual lactation acini 
appear in various conditions of retrogressive change 

One of the first to call attention to the presence of the residual 
lactation acini, and to connect them with the process of involution, seems 
to have been Charles Creighton, in his book “Contributions to the 
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Physiology and Pathology of the Breast,” published in 1878 He, 
however, made the error of supposing that they were abnormal, and, 
as others have ever since done, assumed that they were the starting 
point of malignant tumors 

Creighton saw the changes in the mammary gland of a bitch, and 
as It seemed to him to be a striking variation from the normal, con- 
cluded that it must be abnormal Had he studied many, instead of a 
few, glands, he might have come to a different conclusion 

But this brings up the pertinent question of its normality or abnor- 
mality The mammary glands that formed the material for this 



Fig 31 — Surgical specimen from the breast of a married woman of whose 
personal history no data could be obtained, showing the smallest of a group of 
small cysts The organ was supposed to be cancerous, but no disease was found 
The irregular epithelial lining shows well, and the stumps of the former 
mteracinar septums are numerous All of the epithelium is highly eosinophilic , 
man} of the cells are shapeless, and some ha've coalesced The debris seems 
to be composed of eosinophilic cell remnants 

lesearch were, as nearly as could be determined, normal, that is, they 
were taken at necropsy from organs seemingly normal, and from the 
bodies of those that had not complained of breast troubles during 
life The authorities of the hospital from which most of the matenal 
was obtained do not permit the mutilation of bodies upon which 
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necropsies are performed, and are strict about the number and char- 
acter of the incisions permitted, so the removal and examination of the 
entire breast was not possible Fragments alone were obtained for 
examination, remo^ed from the back of the breast exposed as the 
tissues were dissected from the chest wall In most cases the amount 
of tissue was small, and selected without any definite purpose in view 
A more thorough exploration might ha^e afforded added opportunity 
of demonstrating the presence of the residual lactation acmi But of 
the material obtained in this somewhat haphazard fashion, twenty- 
three of the 150 mammary glands showed their presence — 15 33 



Fig 32 — Necrops\ specimen from normal breast of A McL, aged 66, white, 
widow, with one child, showing a group of microcysts Two of them, on the 
right, show interacmar stumps and have eosinophilic epithelium (From the 
Philadelphia General Hospital ) 

per cent Is that to be regarded as abnormal that occurs in such a 
large number of cases ^ 

But inasmuch as a number of the cases were inappropriate for 
the discovery of the residual lactation acini because the women from 
whom they were taken had ne^er lactated, the percentage rises when 
It IS based upon the cases in which it ought to appear Among the 150 
cases, there were nmet}-two in which the women were known to have 
been married or to ha\e had children, and of these the residual lacta- 
tion acini occurred in twenty-three, or 25 per cent Thus, it seems 
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that one fourth of the women whose breasts have been functionally 
active show this modification of in\olution, even though the examina- 
tion of their breasts was superficially made The average age of the 
women in whose breasts residual lactation acini were found was 59 
years The youngest was 33, the oldest 103 years 

But the final confirmation of the theory rests upon the demonstra- 
tion of residual lactation acini m the breasts of women that have been 
pregnant, and their constant absence from the breasts of others This 
requirement it is impossible to fulfil because of the impossibility of 



Fig 33 — Surgical specimen showing a group of cysts, distinctly visible to the 
naked eye, m relation to the involuted lobule from whose dilated elements they 
sprang These cysts have smooth walls 

accurately determining who had and who had not been pregnant among 
women, some of whom may for a t ariety of reasons conceal or deny it 
The following plan seemed to be an appropriate means for reaching 
the truth as nearly as possible 

I The determination of the percentages of married and single 
women among the cases of normal breasts secured at necropsy, in 
which the residual lactation acini were found The results were 
cases, 23 married, 23 — 100 per cent single, 0 — 0 per cent 
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age at which the individual became pregnant would aftect it Repeated 
pregnancies obscure the picture, through the introduction of new 
lobules, if they do not revive already existing ones The time at which 
the involution process is begun must have great influence, because of 
the varying quantities of parenchyma to be dealt with Thus, in cases 
of abortion or miscarriage, complete lactation hypertrophy does not 
occur, and involution begins in a gland only partly evolved If the 
child IS born dead, or if the mother refuses to nurse it, though the 
parenchyma be fully formed, it may not reach full secretory activity 
and more easily undergoes involution than when it has secreted It 
the secretion fails, the acini will perhaps be empty, and, the infant 
being artificially fed, the breast undergoes involution unimpeded by 



Fig 36 — Specimen from normal breast, surgically removed, of A B , aged 
40, white, single, showing area of residual lactation acini which was found 
among normally appearing lobules of the textbook variety The rupture of 
numerous interacinar partitions is shown When such rupture occurs the cells 
are more highly eosinophilic than elsewhere, but the preservation of the area 
IS too perfect to permit much eosinophilia In various places the interacinar 
stumps are distinct 

accumulations of its own products In any case the drainage of the 
mammary tissue may be unequal in different parts, and those that 
empty completely may atrophy more quickly than others in which some 
secretion is retained So many factors thus combine to complicate the 
process in human beings that it is difficult to arrive at any conclusion, 
especially when to all these there must be added the inability to obtain 
precise information regarding the history of the patient 
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But what IS known is that m some cases, as that of the young 
woman of 19 years, to whom reference has already been made, most 
of the parenchyma had disappeared within a )'ear after the birth of 
her baby, while m others, it remains for many years In one case, that 
of a woman whose history is well known, the second child was born 
when she was about 27 At about 43 a breast was removed for 
“abnormal involution with suspicion of cancer ” In it a tiny scirrhous 
carcinoma was found, entirely too small to have been recognized 
clinically, and all stages of mammary involution were found, among 
them a few lobules that still showed unchanged lactation hypertrophy 
resembling that seen in the fully acting breast, sixteen years after 
lactation Between them and advanced involution of the lobules 



Fig 37 — Necropsy specimen from normal breast of E H , aged 60, white, 
married, one child This beautiful area of residual lactation acini was some- 
what injured m preparation, and was too highly eosinophilic to photograph 
well It shows all stages from fairly well preserved acini to cystically dilated 
spaces without epithelial linings Some of the spaces, such as that at the 
lower left, show interacmar stumps covered with highl}' eosinophilic cells 
(From the Philadelphia General Hospital ) 

there was every intermediate stage What caused these lobules to remain 
unchanged throughout all those sixteen years could not be determined 
Seeing that a few or many of the mammar^^ lobules may thus 
remain exempt from involution for so long a period, and that in many 
cases involution is very slow, it is not surprising that through delay 
m the involution of occasional units of the mammary structure the 
residual lactation acini may appear Nor, having appeared, ought it 
be regarded as remarkable that the} may persist 
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But with the lapse of time they are likely to undergo certain 
changes One of the earliest and most striking of these is the occur- 
rence of the eosinophilic quality of the cytoplasm of the cells In 
some cases this seems to make its appearance early, m others, late 
Naturally, this is only a deduction, not a demonstrated fact, and is 
based upon the observation that it may occur in acini situated in the 
midst of lobules in an early stage of involution, at other times in groups 
of acini whose surroundings show them to be old, and in aged women 
In many cases, accumulated products of degeneration may be 
observed m the spaces formed by the coalescence of closely approxi- 
mated acini, evidently composed of the detritus of the desquamated 
and disintegrated epithelial cells set free by the wasting and rupture 



Fig 38 — Specimen from a woman’s breast, surgically removed and suspected 
of being carcinomatous No other data available No tumor of any kind was 
present, but several areas of residual lactation acini were found, one of which is 
shown in the illustration The atrophy of the mteracinar partitions is marked, 
and the eosinophilic quality of the epithelial cells well developed The area shown 
in the illustration shows unruptured partitions, stumps of ruptured partitions, 
and amalgamated masses of cells 

of the mteracinar partitions The residual lactation acini differ greatly, 
however, in this respect Many are empty, some contain a little, some 
are nearly filled with matter of varying quality, some like jelly, some 
granular, and some composed of pellets of amorphous matter, which 
in one case was found to have calcified, with the formation of laminated 
chalcospheres Some of these accumulations may be as old as the acini 
themselves, and may have been the source of the obstruction to which 
the retardation of involution has been ascribed , but others are undoubt- 
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edly relatively recent It seems, moreover, that to their presence may be 
referred the subsequent distention of the acini with the formation of 
cysts that seem to be of frequent occurrence In regard to these it is 
not assumed that they act only oi even chiefly as sources of obstruc- 
tion, but as matenal whose transformation is accompanied by the for- 
mation of chemical products whose affinity for water leads to its 
accumulation with dilatation of the spaces It is with the development 
of cysts of large size or considerable number that such cases become 
known to the surgeon from whom the patients seek advice, and by 
whom they are commonly operated on 



Fig 39 — Specimen showing an area of residual lactation acini in a breast 
surgically removed for suspected cancer No data concerning the natient was 
available There was no tumor, and no other disease The group of spaces is 
highly characteristic Numerous acini are not much changed, others are united 
as the result of atrophy of the mteracinar septums, relics of septums project in 
many places as stumps, some of which are reduced to budlike masses of amal- 
gamated eosinophilic epithelial cells 

Since the term chronic cystic mastitis has been adopted by Blood- 
good 111 his recent paper, it will be adopted here Chronic cystic mas- 
titis, though described in the textbooks, and elaborately discussed in 
many journal articles, is in reality a lague disturbance The age at 
uhicli it usually makes its appearance corresponds fairly well with the 
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child bearing period It is clinically characterized by vague discomfort 
m one or both breasts, which when examined are found to be tender 
and to contain one or several ill-defined indurations, or “lumps,” which 
sometimes confuse the surgeon by seeming to be present at certain 
times and absent at others 

It IS pathologically characterized by cysts, occurring singly or in 
groups, surrounded by condensed stroma, in which mammary tissue 
m various quantity and different conditions is present One of its 
striking, but not invariable, characteristics is the presence of parenchy- 
matous structures, like exaggerated acini, or ducts, lined with more or 
less distinct columnar epithelium, from the walls of which simple or 



Fig 40-rNecropsy specimen of normal breast of T S, aged 40 colored, 
widow, said not to have had children, a statement which the histologic struc- 
ture of the breast makes very doubtful The illustration shows one of the 
groups of spaces looked upon as residual lactation acini It is, however, in an 
advanced state of atrophy with destructive transformation of nearly all of the 
cells Projecting stumps with eosinophilic coalescent cells may still be seen in 
the space at the right edge (From the Philadelphia General Hospital ) 

dendritic projections extend into the lumina Such lobules as appear 
m the examined tissue commonly present inequality of the periductal 
tissue 

Bloodgood’s ^ article is one of the most masterly and comprehensive 
articles that have appeared on the subject, and is based on the macro- 
scopic and microscopic examination of 350 cases — an overwhelming 

1 Bloodgood, J C The Pathologi of Chronic Cystic Mastitis of the Female 
Breast, Arch Surg 3 445 (Nov ) 1921 
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volume of material, well studied, and well analyzed If, however, he 
had not fallen into one of the most frequent errors to be avoided in 
pathologic work, that of comparing the cases with one another, instead 
of with the normal breast, the article would probably have been written 
in some other form, and the cumbersome nomenclature with which it 
terminates omitted 

Now when the findings m chronic cystic mastitis are caiefully 
analyzed, and compared with the findings in the normal breast, they 
resolve themselves into very little, apart from the presence of the cysts 
Taking first the condition of the stroma, it will be recalled that one of 



Fig 41 — Section of a surgically removed breast, showing residual lactation 
acini similar to those seen in Figure 40 

the first obsei\ations made in the present research was that unless there 
was present some distinctive disturbance, such as round-cell infiltration, 
hemorrhage or calcification, nothing could be learned from its study 
because of the extreme variability of its normal structure The pres- 
ence of a growing cyst, pushing aside the fibrous tissue and causing 
atrophy of tbe adipose tissue, may give the stroma unusual density by 
condensation, but that is not chronic inflammation The illustrations m 
Bloodgood’s article show no disturbances that cause the stroma to 
differ from that seen in the normal breast 

^^d^en tbe periductal tissue is prominent and especially when it 
lacks uniformity of distribution in the lobules the condition is referred 
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to by Bloodgood as chronic cystic mastitis, but that is the condition of 
the same tissue in nearly all of the lobules of the normal breast Noth- 
ing IS shown as a pathologic change in this tissue that is not perfectly 
paralleled in the normal breasts that form the basis of the present 
research 

It must, therefore, be the parenchyma to which one is compelled to 
look for the specific changes And here firm ground seems at first to 
ha\e been reached, for there are many illustrations bearing the legend 
“papillary cyst-adenoma ” 

That designation for residual lactation acini has so frequently been 
dwelt on — not exactly that, but “cyst-adenoma” — that it immediately 
demands careful study of the illustrations to see how what is repre- 



Fig 42— Necropsy specimen from normal breast of R R, white woman, aged 
54, married, showing a large lobule of residual lactation acini in which there has 
been very little atrophic change The irregular slits in the parenchyma seem 
to be originally dilated spaces that have collapsed The epithelial cells every- 
where are in a fair state of preservation but are very pale, with pale vesicular 
nuclei, and slightly eosinophilic clear cytoplasm The general appearance is 
like that seen in many cases shortly after lactation, except for the altered 
staining quality (From the Philadelphia General Hospital ) 

sented may differ from what has been the mam subject of the present 
research Comparison shows that there is no difference , they are the 
same One is, therefore, compelled to question whether there is really 
an}d;hmg to be found m these cases, except the cysts, that may not be 
present m the normal breast m some stage of its involution, with the 
inevitable discovery that there is not 
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Chronic cystic mastitis, theiefore, seems to resolve itself into no 
more than the occurrence in the breast of Cysts of larger than usual 
size after postlactation involution, the other associated disturbances 
being no more than errors of interpretation based on inadequate 
familiarity with the details of the involution process 

It seems, therefore, that there being no mastitis in these cases, there 
can be no chronic cystic mastitis, and all that occurs is the presence of 
cysts of a size larger than that reached in the 'course of involution 
But one matter of serious import is to be considered, and that is the 
emphasis laid on “adenoma,” “cyst-adenoma” and above all on “papil- 
lary cyst adenoma” m Bloodgood’s paper 



Fig 43 — Necropsy specimen from normal breast of E F, aged 56, white, 
widow, showing area of residual lactation acini in which the atrophic changes 
are further progressed than m Figure 42 The rounded space on the left still 
shows the skeleton of its acinar structure, while the irregular one on the right 
leaves one in doubt as to its nature It might be either a completely trans- 
formed lobule or a duct filled with debris, such as must eventually result from 
further degeneration in the other Scarcely any cells are recognizable except 
by their form and position, and all are eosinophilic (From the Philadelphia 
General Hospital ) 

The employment of these terms for the explanation of what could 
not be satisfactorily accounted for, namely, the dilated acini with their 
eosinophilic epithelium, and occasional mural papillary projections, 
termed, in this article, residual lactation acini, was first introduced b\ 
Schimmelbusch 
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It IS probable that Schimmelbusch had just as inadequate informa- 
tion on the manifold appearances presented by the breast m mS;olution 
as any other pathologist, and that he, therefore, made a mistake But 
it is a pity that it should be perpetuated by continued application to 
appearances common to a large number of the mammary glands of 
human beings and animals during mammary involution 

Bloodgood goes farther and seems entirely to disregard the fact 
that the mammary glands of women that have recently lactated contain 
large lobules, and in his illustrations he applies the term “nonencapsu- 
lated adenoma” to nearly all of the normal mammary parenchyma that 
appears m his sections Thus the reader is left with the impression 
that tlie mammary gland is peculiar in that it may be the seat of “encap- 



Fig 44 — Necropsy specimen from normal breast of J F, aged 75, white, 
widow, nine times pregnant The residual lactation acini in this case are less 
distinct and less regular than those that have preceded it, and the cells lack 
the eosinophilic quality The shape and general arrangement of the structure, 
however, leave one in little doubt as to its origin (From the Philadelphia 
General Hospital ) ' 

sulated” and “nonencapsulated” adenomas, the latter of which m no 
way differ in appearance from the normal mammary tissue, and of an 
uncircumscnbed tumor, the “cyst-adenoma” which diffuses itself 
throughout the breast, or occurs at multiple foci 

Schimmelbusch’s “cyst-adenoma” is a misinterpretation It ascribes 
to the decadent residual lactation acini an importance of which they 
are unworthy, and leads to the belief that they are vital growing things, 
when the evidence is strikingly in favor of their being precisely the 
opposite 
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From the examination of some single section, in which a group of 
the residual lactation acini are well preserved and provided, as some- 
times happens with several rows of epithelial cells, or m which the 
collapse of the decadent acini causes crowding of the cells at particular 
points, it may sometimes be suggested that the appearances are pro- 
liferative, but after many cases have been studied, one becomes over- 
whelmed with the evidence to the contrary, manifested by the eosin- 
ophilic cytoplasm, the presence of anuclear cell remnants among the 
still living cells, the frequent desquamation of the cells without their 
regeneration, the contraction and condensation of many of the groups 
of acini, the necrotic residuum of amorphous matter that collects m 
the older lesions, and the general inactivity of the cells, and other fea- 



Fig 45 — Necropsy specimen from normal breast of H J, aged 103, \\idow, 
showing vestiges of residual lactation acini of great age, but still with enough 
of the remaining skeleton of the original lobule to explain their source The 
cells were so atrophic as scarcely to be recognizable and their remains were 
eosinophilic Except for these few vestiges the lobular parenchyma of the gland 
had virtually disappeared (From the Philadelphia General Hospital ) 

tures not easy to describe Beyond all this, there is the absence of any 
evidence, m spite of the study of many cases, to show that the forma- 
tions ever do anything or de\ elop into anjThing 

It IS impossible, however, to neglect the papillary processes whose 
presence has excited so much interest and has led to the cases in which 
they occur being called “papillary c} st-adenoma ” They certainly are 
peculiar and striking formations , but they, like so manj others seen in 
connection wnth involution, ha\e certain qualities by which their nature 
and origin are betrayed As a rule they are few in number, simple m 
structure, do not interfere with one another, and not mfrequenth stand 
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opposite one another These features are m marked contrast to other 
papillary excrescences — as, for example, those found in the cysts of the 
kidney and thyroid, where the number is usually large, the structure 
complexly branched, and the different formations crowded together so 
as to mterdigitate 

The decadent quality of the eosinophilic protoplasm of the epithelial 
cells covering the processes, the adhesiveness that causes adjacent cells 
to coalesce, and the occasional occurrence of considerable masses of 
still separated ghosts of cells without nuclei, have already been referred 
to as far more indicative of retrogression than of vegetation But the 
slightest effort of the imagination is sufficient to enable the bioken 



Fig 46 — Specimen from a married woman, no history In this lobule the 
epithelial cells have all disappeared, though the interacmar framework partly 
remains — a rare circumstance 

partitions to be reconstructed into the interacmar reticular framework, 
and the cystic space into an involuting lobule There seems, therefore, 
to be good reason for abandoning the idea that in these residual lacta- 
tion acini the first stages of tumor formation are to be seen, as well as 
the consequent fear that they may terminate in something malignant 
This now introduces the remaining question connected with the 
residual lactation acini, namely, the relation they may bear to cancer 
The thought that they may originate cancer is widespread, and its 
origin not far to seek The circumstance most feared in every dis- 



McFarland— RESIDUAL lactation aci\i 


53 


turbance of the breast is “malignancy,” and as its occurrence is very 
mysterious, and cannot be explained at present, the custom has been 
to examine every breast offered for study for such structural altera- 
tions and irregularities as might lead to it Naturally, such stnking 
objects as the residual lactation acini could not be overlooked, and there 
being no ready explanation of their meaning, they were gladly seized 
on as the probable starting point of tumor growth In support of this 
view, the frequent concurrence of cancer with residual lactation acini 
was dwelt on The cancer nests were shown to be in close juxtaposi- 
tion to the formations of suspicious nature that were not understood, 
and it seemed as though the one might have developed through trans- 



Fig 47 — Necropsy specimen from normal breast of J C, aged 75, white, 
w'ldow This patient w'as a hemiplegic with a leg ulcer, and w'as in the Phila- 
delphia General Hospital for a long time She w'as so frequentlj transferred 
from ward to ward that there are many “charts,” but the one with her per- 
sonal history could not be found In the lobule showm, the unusual increase 
in the periductal tissue interfered w'lth the union of many of the residual lac- 
tation acini (From the Philadelphia General Hospital ) 

formation of the other Cancer cells frequently appear m the acinar 
spaces among their own peculiar epithelium, and many ha\e supposed 
that they were able to find the transition steps between the one and the 
other 

The almost universally accepted theor} of mammart cancer of the 
present day teaches that the cancer cells arise through metamorphosis 
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of the mammary cells themselves — that they are but the lawless 
descendants of those cells This may be true, but it is at present only 
a theory, never having been proved No one has ever seen the begin- 
ning of cancer But once a theory meets with acceptance, it becomes a 
fact to the complacent mind It is more easy to accept it than to 
combat it, and if it seems satisfactorily to explain the condition, why 
upset it^ 

So firmly is the theory rooted m the minds of pathologists of the 
piesent day that it is by no means unusual for a microscopist, examin- 
ing a section of a cancer to select a microscopic field, and to demonstrate 



Fig 48 — Necropsy specimen from normal breast of M C, aged 51, white, 
married twice, had three children and two miscarriages The menopause had 
occurred five years previously, her husband had died three years previously 
As in Figure 47, the arrangement of the periductal tissue has modified the 
process of involution, and the destruction of the interacmar septums has resulted 
in the formation of an irregularly elongated space the margins of which, degen- 
erated eosinophilic cells, and collections of cellular and amorphous debris betraj 
its origin (From the Philadelphia General Hospital ) 

in It the primary rupture of the basement membrane of some glandular 
unit, from which the cells are escaping and beginning their lawless 
invasion A moment’s reflection ought to make him realize that such 
a demonstration necessarily implies that cancers have continuous and 
successive beginnings, for which there is no authority, since examina- 
tions by serial sections have repeatedly shown the entire cancer mass, 
with all of its extensions and prolongations, to be continuous 
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In infiltrating cancer of the mammary gland it is really more rea- 
sonable to suppose that the cancer cells lawlessly and invasively pene- 
trating the tissues are finding their way into the acini, than that the 
acinar cells are escaping to form the cancer If the theory of “cyst- 
adenoma” is abandoned, and that of residual lactation acini adopted, 
the relation of the lesions to cancer can be examined without prejudice, 
and to advantage , for under these circumstances it will probably occur 
to the student that as most women become pregnant, and later nurse 
their offspring, the breasts of most women when examined micro- 
scopically must show parenchyma in some stage of involution, and as 



Fig 49 — Necrops^ specimen from normal breast of A G , aged 40, colored, 
widow, showing residual lactation acini surrounded bj' rinds of combined peri- 
ductal and perilobular tissue similar to that shown in Figure 21 The atropln 
of the parenchyma is so complete that the origin of the peculiar spaces might 
remain mevplicable without the studj of the series of cases bj which it is 
preceded All of the cells are in an ad\anced state of degeneration There 
IS no proliferation The degeneration of the cells and partitions has led to 
the formation of transformation products of rounded amorphous, more or less 
hyaline, appearance in the spaces (From the Philadelphia General Hospital ) 

residual lactation acini are of frequent occurrence in consequence of 
lactation hypertrophy, at least one fourth of the breasts ma\ contain 
them It, therefore, ceases to be a matter of concern or surprise that 
a breast examined for malignant disease shall contain residual lactation 
acini, wMth or without cancer The trequenc\ with which each occurs 
determines that the\ must frequenth coexist 
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But it has been argued that the relation of the cancer to the residual 
lactation acini is too close to be accidental , it must be incidental 
There are many more cancer cells m those spaces than elsewhere, and 
metamorphosis of the lining epithelium into cancer cells can be fol- 
lowed The same thing has been argued with respect to the acini, the 
alveoli and the ducts of the mamma itself In the absence of the 
residual lactation acini, the origin of the neoplasm is traced to the 
normal structures , in their presence, to the supposedly abnormal ones 
The logical outcome of this reasoning seems to be that the residual 
lactation acini are no more likely to be the starting point of the mahg- 



Fig 50 — These residual lactation acini, discovered in a breast removed 
for chronic cystic mastitis, show what may be looked upon as a possibly 
later and final stage of what was shown in Figure 49 The parenchyma 
having reached the stage of complete degeneration, the hyaline products have 
calcified, with the formation of numerous small calcospherites which are 
enclosed m a relatively clean walled pocket 

nant growth than the rest of the parenchyma, when, of course, they 
lose their significance and importance They may, however, effect a 
close relationship between the growth of the cancer and the parenchyma 
of the gland in that they provide spaces into which the cancer easily 
infiltrates Their decadent tissue may yield more readily to the invasion 
than the more normal structures, and the spaces they form may afford 
easy opportunity for the accumulation of cancer cells which mix with 
the preexisting cells before extinguishing and replacing them 
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It seems, from all this, that the conclusion that the irregularities of 
involution, including the residual lactation acini, have nothing to do 
with the origin of cancer is justified The suspicion arose through 
misunderstanding and misinterpretation of the normal process Very 
pertinent in this connection is the closing paragraph of Bloodgood’s 
paper “When good pathologists' disagree as to malignancy, the patient 
lives, when there is agreement, there is always a large percentage of 
deaths ” It is not difficult to account for this state of affairs All of 
the good pathologists know cancer when they see it, but few of them 



Fig 51 — This breast was surgicall}' removed and in it a \erj small scirrhous 
carcinoma was found The patient had lactated t^\lce, the second time six- 
teen years before the operation All the modifications of involution ^\ere found, 
including the area of full lactation hypertrophy shown in the illustration with 
no other change than eosinophilia of the atrophic epithelial cells, some of 
W'hich had coalesced The stumps of interacinar septums are numerous and 
striking 

are sufficiently acquainted with the conditions obtaining in the normal 
involution of the breast to be sure that such of its peculiarities as they 
see for the first time are not abnormal and indicatne of a malignant 
change Thus they fullv agree y\ith lespect to the former, and disagree 
about the latter 
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Tlin C\STS OF THE BREAST 

Cysts are like tumors in that after they attain a certain size it is 
no longer possible to determine from exactly what structures they 
arose In the present connection it is unnecessary to consider any 
kinds other than those that arise through disturbance of the paren- 
chyma of the breast Such are extremely common and there seems 
to be very little objection to the general statement that they arise from 
very small beginnings 



Fig 52 — The area shown in the illustration, from the same breast as that 
shown m Figure 51, was far away from the cancer, and shows involution of 
several lobules, the atrophy of the interacmar partitions and slight transforma- 
tion of the epithelial cells — “blasse-epithelzellen” giving the impression of dilated 
ducts filled with cells The explanation of the cellular structure will become 
evident upon examination of the following illustrations of the same field under 
a higher magnification 

The examination of the material embraced m the present research 
suggests that there are only two sources from which they may originate, 
the ducts and the residual lactation acini 

In forty-nine of the 150 cases studied, the sections showed more or 
less rounded openings, visible to the naked eye, which microscopic 
examination pro\ed to be epithelial lined spaces, for the most part 
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recognizable as ducts, but some of mIiicIi were the residual lactation 
acini In most cases they appeared empty, but some were filled with 
jelly In all cases it seemed that distention was present or had been 
present These were microcysts, and as such the larger cysts probably 
begin 

Two of the sections were from iirgins (women that had not borne 
children), all the others were from parous women In only two cases 
were there cysts having a diameter of more than 0 5 cm This does not 
signify that this is the proportion of the larger cysts among normal 



Fig 53 — The “blasse-epithelzellen” now appear as transformed and atrophic 
cells of the acini of the mammarj lobule, the framew'ork of which shows well 
The deformed and flattened decadent nuclei must not be mistaken for mitotic 
figures The cause of the swelling and pallor of the cells is not known 

breasts, but that cases containing c\sts uere a\oided b} those collecting 
the material, as it was especiall} stipulated that onl) normal breasts 
were desired, and naturallj breasts containing cysts A\ere regarded as 
abnormal The only usefulness of the material collected, as far as 
the study of cysts is concemed, is an opportunity to discover the prob- 
able sources of cyst formation 

Cyst formation is referable to secretion or exudation associated w ith 
retention from obstruction If the obstruction is complete the amount 





60 


ARCHIVES OF SURGERY 


of secretion or exudation necessary to form a cyst need be very small , 
if incomplete, it must be larger in proportion to the opportunity for 
outflow, in order that it can accumulate Cysts resulting from complete 
obstruction must be but slightly variable, growing larger as fluid is 
added to their contents, smaller if it is absorbed, or remaining 
unchanged if neither condition occurs Cysts following incomplete 
obstruction may vary considerably according to the additions and sub- 
tractions that may occur in their contents 

The secretory function of the breast is not confined to the cells of 
its acini, but is shared by those of its ducts It has already been shown 
that the first activity of the breast, the secretion of the “witch’s milk” 



Fig 54 — ^Mammary gland of a bitch that had had pups It shows typical 
residual lactation acini, the epithelial cells of the larger having the typical 
eosinophilic cells, which, of course, cannot be shown in the illustration 

takes place from the ducts, as does the occasional serous secretion of 
the breasts of men, and of virgins at the menstrual periods In the 
breast of the parous woman, in the intervals between pregnancy, and 
perhaps after the menopause, some secretion may also occur from this 
source, under certain conditions 

The cysts that follow involution — those of chronic cystic mastitis — 
usually contain clear serous fluid, and most of the distention takes place 
in the ducts It may, therefore, be concluded that they arise rather from 
exudation than from secretion, and that the acini and milk secretion 
have nothing to do with them But the involution process has every- 
thing to do with them, for it leads to the collection of varying quanti- 
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ties of debris of various kinds, in the ducts, occasioning partial obstruc- 
tion by material that cannot be washed out by the fluid, but must be 
retained until its own retrogressive changes transform it to an extent 
permitting absorption In the meantime, the transformation products 
may be the source of exudation, and their affinity for water the cause 
of accumulation 

Visible evidence of this can be found in almost every breast after 
lactation Many of the ducts contain cylmdnc gelatinous formations 
like the tube-casts common m the kidney in certain diseases In others 
there are cylinders containing an admixture of what appear to be 
colostrum corpuscles , in still others collections of fatty granules Occa- 
sional ductlike spaces are found to be filled solidly with peculiar- 
appearing pale cells, the “Blasse-epithelzellen” of Borst and Wohlsecker 
These have excited considerable interest from time to time, and various 
speculations have been indulged in, in an attempt to account for them 
Nearly all pathologists seem to conclude with the assumption that they 
are evidences of proliferative activity on the part of the epithelial cells, 
and are indicative of impending malignant change 

This seems to be a misinterpretation Such appearances when 
present in the normal sections seemed not to arise through the prolifera- 
tion of cells within ducts, but through the decadence of cells of acini in 
process of involution In those cases in which involution proceeds 
without any increase in the periductal tissue, and the partitions between 
the neighboring acini fail to recover from the attenuation depending 
on the extension to which they are subjected during the ^ull lactation 
hypertrophy, the epithelial cells, not being crowded and condensed by 
the retraction of the interacinar partitions, nor through the prolifera- 
tion of the periductal tissue, seem sometimes to enlarge and become 
pale The substance of an entire lobule becomes a pale mass sur- 
rounded by the interlobular tissue against which it seems to abut with 
a definite outline The impression is easily mistaken for a duct filled 
with epithelial cells In reality it is a lobule surrounded by perilobular 
tissue A close examination with a high power lens will frequently 
show the structure to be composed of groups of cells corresponding 
to acini, the cential lumen of which is no longer visible because of the 
enlargement and altered character of the cells 

The seminecrotic remnants of the centrally situated cells of the 
residual lactation acini, together with the remnants of the intermediate 
partitions, frequently form considerable accumulations in their spaces . 
and may be followed b)”^ cystic distention just as in the ducts 

An examination of many breasts shous these appearances following 
in\olution (1) occasional pin-head sized c\sts, (2) numerous pin- 
head sized cysts scattered throughout the breast (3) pin-head sized 
c\';ts collected in groups in some part of the breast, (4) pea or marble 
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sized cysts occurring according to one of the above described plans of 
distribution, (5) cysts similar to those described above in size and 
distribution, but filled wth darker fluid, some reddish, some chocolate , 
(6) single or divided cysts as large as hen’s eggs, usually filled with 
clear serous fluid 

It seems to be the cysts that are the chief factors m calling the 
attention of the patient to the fact that there is something unusual 
about the breast And it is easy to understand that this is probably the 
result of the pressure exerted by the cyst in its growth The degree 
of sensory disturbance may well be m proportion to the composition of 
the stroma of the organ If it is largely fatty, or if there are large 
quantities of the mucinoid tissue, the pressure may scarcely be felt, 
but if It is more fibrillar, and, therefore, less distensible, the enlarging 
cyst may call attention to itself through sensitiveness or pain 

The induration of the tissue adjacent to the cysts can easily be 
accounted for by the compression and condensation of the surrounding 
stroma The occurrence of the cysts in certain quadrants of the breast 
can be explained on the assumption that those portions did not dram 
so well as others, so that contents were retained with the unfavorable 
consequences, retardation of involution and the formation of residual 
lactation acini, etc 

The cysts are of no significance in the occurrence of malignant 
change It is true that occasional cysts are found, in the wall of which 
a cancer is situated, but this is to be looked on as an accident of 
association The cyst and the cancer were both there, growing side 
by side, and as each enlarged, the cancer came eventually to trespass 
on the wall of the cyst The relation is the same as that of cancer to 
residual lactation acini 

CONCLUSIONS 

1 The breasts of young virgins are composed of a stroma of pure 
fibrillar tissue which shows an increasing mucmoid transformation with 
increase of years Into the stroma, adipose tissue begins to find its 
way toward middle life, increasing until in old age the stroma is largely 
fatty The parenchyma of the virgin breast always contains many 
canellated ducts It may be without lobules, may contain only rudi- 
mentary lobules, or may contain well developed lobules m rare cases 

2 The mammary lobule develops in response to stimuli that may be 
either local or general Pregnancy is its chief source, and it seems to 
be only under its influence that full lactation hypertrophy is reached 
The lobules arise through budding from the ducts as determined by the 
stimuli At any stage of development, the disappearance of the stimu- 
lus is followed by retrogression or involution of the lobule, whether 
throughout the breast or locally 
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3 The lobules constituting the parenchyma of the breast in dif- 
ferent pregnancies are not necessariK the same There is some reason 
to suppose that for each pregnanc\ there is a different crop of lobules 

4 Imolution the atrophy of the no longer needed lobules is a 
complicated process whose details larj'- in different indniduals in the 
different breasts of the same individual and m different parts of the 
same breast according to local and general conditions 

5 One of the most important sources of the modification of in\olu- 
tion IS retention of secretion Its effect is in proportion to its extent 
and distribution, and is u ithout regularity 

6 Its most striking result is the appearance of residual lactation 
acini 

7 Residual lactation acini are harmless decadent structures liaMiig 
no significance in respect to the subsequent appearance of malignant 
disease 

8 The accumulated cellular and amorphous debris resulting trom 
in\ olution sometimes obstructs the outlets of the ducts and acini leading 
to retention of secretion and exudation of fluid uith cyst formation 
The cysts may result from dilatation of either the ducts or the residual 
lactation acini 

9 The cysts may be of a size ^arvlng from that of a pm-head to a 
hen's egg and ma^ be single or multiple, uniformh disseminated, or 
collected m groups They usuallj Ime smooth vails and clear serous 
contents 

10 The pressure exerted on the surrounding tissue b} the growing 
c)'st gnes rise to sensory disturbances that \arj in intensih according 
to the firmness or softness of the stroma In a breast with stroma 
largely mucinoid or adipose, they may occasion no s^ mptoms 

11 The cysts are benign and harmless If they become large their 
excision maj be indicated to make the jiatient more comfortable 

12 Cancer cysts are not specific entities The^ are the result of 
the accidental coexistence of c}sts and cancer m the same breast 
Original contiguiU followed b) increase in the size of each determines 
final continuity 

13 The so-called chronic c^stlc mastitis is not inflammator\ , and is 
not a pathologic entlt^ it is nothing but a result — or at most — a pcr- 
\ersion of in\ olution 

14 It would therefore be desirable to abandon the term and call 
the condition ‘c^stlc disturbance of the breast or if it stems better 
to retain one of the older designations that of arren — “abnormil 
nn olution’ — is probabh least objectionable The onh difficult\ lies 
in clearh defining when the process of in\ olution can be said to betomt 
abnormal when it is so duersified 
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15 The term “adenoma” should be used only when speaking of 
the encapsulated tumors of the breast Parenchymatous increases of 
unencapsulated or diffused form are hypertrophies and not related to 
tumors 

16 There is no “cyst adenoma” of Schimmelbusch The term is 
objectionable because it makes it appear as though a tumor existed 
where no tumor is The appearance on which the name depends is 
that result of involution to which the name residual lactation acini has 
here been given, and which can easily be found in one fourth of all 
breasts that have lactated 
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The term “malign’^ is here used to define any granulomatous or 
neoplastic disease against which an individual is unable to muster suffi- 
cient spontaneous resistance to induce recover)^ Consequently, 
unchecked malign processes lead to increasing disability and to 
death, and adequate checking of the disease process is a prerequisite in 
effective treatment The degree of malignancy, which determines 
therapeutic measures, varies with the disease, with the individual, and 
with the stage of the process, and is, consequently, to be measured in 
each instance by the preponderance of virulence over individual resis- 
tance at the time of observation rather than by pathologic nomenclature 
Chronic malign diseases of lymph glands are of three varieties 
(1) granulomas, for example, tuberculosis, (2) neoplasms, especially 
carcinomas, and (3) a group of maladies intermediate between granu- 
lomas and neoplasms, which includes Hodgkin’s disease, lymphocytic 
leukemia, lymphosarcoma, chloroma, and the so-called primary endo- 
thelioma and spindle cell sarcoma of lymph glands All are due to 
prolonged irritation which is usually traceable to lesions of the skin 
or the mucous membrane or their appendages 

The primary surface lesion m tuberculosis may be a well marked 
ulcer, an evanescent dermatitis or catarrhal inflammation , or a portal 
of entr)'^ may be so slight in extent and heal so promptly and perfectly 
that it IS nevei discovered Cancer may onginate apparently as an 
idiopathic tumor that may or may not ulcerate, or it may develop in 
epithelium long affected by benign ulcerations, inflammatory hyper- 
plasia or involution metamorphoses The nature of the epithelial 
lesions which constitute the portals of entry in diseases of the Hodgkin 
type IS not known Some irritation of epithelial surfaces has long been 
lecognized as a precursor of the maladv, though no definite or char- 
acteristic reactions have been described 

The provocative irritants are products of bacteria or of morbid cells 
oi of both morbid cells and bacteria and exhibit predilection for hema- 
topoietic tissues The hmph glands particularh are at first the more 
obMously imolved , but the bone inarrov is also affected and ultiinateh 
those general reactions called cachexia are produced The modes of 
offense of these diseases are similar the resultant defensne responses 
aie categoi ically identical and the fatal issues are produced in the same 
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manner The term “malignant disease” is, therefore, better used to 
define a deficient biologic reaction against certain irritants than as a 
synonym for cancer For example, tuberculous adenitis may be more 
malignant in one individual than carcinomatous adenitis is in another, 
or cancer may exceed Hodgkin’s disease in malignancy In other words, 
there is a group of diseases, etiologically and histopathologically distinct, 
yet pathogenetically similar, that possess unequally the same malign 
potentiality and are controllable so long as the powers of defense are 
preponderant 

Histologic peculiarities that identify the type of any of these diseases 
will be disregarded as less significant for present purposes, and con- 
sideration will be given to general characteristics of greater practical 
importance 

Malign diseases exhibit two chief methods of attack The more 
rapid or acute form possesses the vice of becoming more piomptly 
uncontrollable and the virtues of manifesting itself early and of 
provoking more active defensive responses The more insidious, 
chronic form, often originating in less obvious initial lesions, is prone 
to have achieved a lethal dissemination before it is recognized, because 
defensive capacity has been giadually destroyed without having been 
stimulated to the compensatory overactivity essential to recovery There 
are infinite gradations between the extremely acute and chronic forms , 
but the striking examples which emphasize the controlling power of 
defense are the transitions between the two, especially the explosive 
and rapidly fatal disseminations so often seen late in the chronic 
varieties 

Extension from a primary lesion or from secondary foci so often 
skips contiguous gland groups to involve those that are more remote 
that any group of enlarged glands may neither indicate the location of 
the initial lesion nor mark the frontier of disease Glandular enlarge- 
ment — lymphoma — although it is the commonest characteristic of 
malign diseases, is undependable for diagnosis because malign and 
benign lymphomas may co-exist Nor is the evidence obtained 
from histologic examinations of lymph glands entirely reliable A dis- 
ease may be legressive to the extent of approaching latency and this 
fact may escape detection pathologically, or it may be present in a gland 
under conditions that assure progression and be histologically 
unrecognizable 

The most dependable evidence of relative malignancy is the type 
and extent of the periadenitis which frequently also measures defensive 
responses It matters not whether the earliest lymph gland involvement 
IS a carcinomatous metastasis or whether the latest involvement is a 
neoplastic metamorphosis of a primary granuloma, the intraglandular 
response is a form of subacute or chronic adenitis The same irritation 
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that piimanh induLes adenitis continues and extends to cause peiiaden- 
itis Peiiadenitis is piiinaiily a nonspecific inflammatorj^ process subject 
to exaceibations dining the lecuiient peiiods of moie active progress 
of the disease In addition to causing thickening of gland capsules, it 
is destined ultiniately to foim cicatiizmg adhesions between adjacent 



Fig 1 — Skin removed to show location of glands that determine the boun 
daries of tissue that must be excised if the operation is complete 

glands and surrounding structures If the malady is extremely malig- 
nant, the mtraglandular morbid tissue may grow through the capsule 
and intensify the periadenitis by invading the extraglandular adherent 
structures or this specific outgrowth may proceed m the absence of 
periadenitis, if defensive powers have been dissipated or if they liaie 
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been deficient fiom the onset The nature and extent of periadenitis 
are indicative of disproportions between existing powers of offense and 
of defense and do not, even when signally invasive, identify a malignant 
neoplasm, since this occuis in tuberculous adenitis Absence of peii- 
adenitis is noteworthy if there is extreme chronicity, as it then marks 
an irritation that has been too insidious to cause response 


Section of poroti^glana rEti|vP(l 
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Fig 2 — Skin and muscles remo\ed to show the nerves and vessels that must 
be spared m dissection 


Differential diagnosis between malign diseases is usually simple 
and IS of less moment than a recognition of existing or of potential 
malignancy An estimation of malignancy resolves itself into a study 
of local and general responses Rapidity of dissemination, the nature 
of the invohement and the impairment of function in the region or 
regions invoked are more significant than the size of lymphomatous 
masses These conditions likewise determine the probable success of 
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excisions because they indicate the stuictuies that must he sacrificed 
The moie pei feet the postoperative letuin of function, the greater is 
the piospect of peimanent legional fieedom from disease Local 
resistance is detei mined hy the integiity and richness of blood and 
lymph ciiculations, which m tuin aie laigely controlled by activity 
An estimation of geneial lesistance can be fairly accurately based upon 
the status of the cii dilation and upon the blood picture General 



Fig 3 — Skin incisions 

appearance may he misleading, so it is unsafe to rely upon snap judg- 
ments Persistent abnormalities in blood pressure responses to exertion 
are significant A lymphopenia or anemia that is irresponsive to proper 
stimulation is evidence of a permanent loss of powers of regeneration 
in the mother cells and is indicative of hopelessness A considerable 
reduction in the number of platelets, especially when those present are 
abnormally large, positively contraindicates operation 

Even the meager suggestion of the evolution of malign diseases 
that has been given suffices to determine methods of treatment , hut. 
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since it IS more essential to recognize what cannot be accomplished and 
what should not be attempted, the negative therapeutic aspect will be 
presented first 

If “cure” defines an elimination of disease so complete as to preclude 
the possibility of a recurrence, then malign diseases are generally 
incurable Were methods available whereby latent rests of all diseases 
could be detected at neciopsy, with a degree of accuracy comparable 
to the discovery of latent tuberculosis, it would be possible to obtain 
accurate data to establish this contention Neveitheless, the numerous 



Fig 4 — Concentric dissection started , spinal accessory nerve isolated , 
sternocleidomastoid muscle exposed anteriorlv 

examples of recurrences, recrudescences, reinfections, or whatever they 
may be called, that occur after years of apparent recovery from any of 
the maladies in this category give necessary supporting evidence, which 
IS amplified by the better results obtained as treatment is improved 
It IS a fair presumption that virtually all that survive middle age have 
been subjected to conditions favorable to the starting of malign affec- 
tions The deficient individual resistance required for the diseases 
to become established is rarely transient Greater safety is assured to 
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the patients if this biologic defect is held to be persistent, which, there- 
foie, can nevei be eliminated by any means and can only be minimized 
by equally persistent effort 

Therapeutic failures constitute the most piofitable source of informa- 
tion if used to prevent subsequent mistakes Death results from lym- 
phatic involvement and the consequent local and general injuries 
The commonest cause of failure after operative treatment, especially 
in affections of the cervical glands, is local oi regional recurrences. 



Fig 5 — Dissection completed, except at the jugulosubclaMan angle, to shov' 
method of dislocating the upper mediastinal tissues 


which are due to incomplete removal of the initial lesion and to inade- 
quate regional excisions On the other hand, successes attained through 
illogical methods constitute the most unprofitable source of information 
as well as the most common source of misinformation Statistics 
advanced to show the results obtained by various therapeutic methods 
are peculiarly unreliable because they cannot show the most important 
phase of the problem, namely, the degree of malignancy at the time 
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of treatment Indeed, the question occasionally arises as to whether 
the malignancy alleged to have been present was real, potential, or 
purely hypothetic Neither do these impressive percentages show the 
causes of failure For instance, a given series of patients treated for 
cancer originating m the mucous membrane of the mouth may be cited 
to show that a certain proportion have remained well for certain periods, 
another portion are dead of the disease, and the death rate attributable 
to operation was a certain percentage The failures due to local recur- 



Fig 6 — Muscles sutured to protect nerves and to provide surface upon which 
skin flaps are to rest, soft rubber drainage tubes to be removed the second day 


rence, or better, local persistence, because of incomplete removal, do 
not all appear However, two more important points are apparently 
established Wider excisions usually attempted only when the involve- 
ment was greater and the degree of malignancy had increased have 
produced some lasting recoveries The mortality due to more complete 
glandular extirpation is small, even when the extirpation was performed 
late in the disease, if it is not confounded with the death rate produced 
by the excision of primary lesions like those in the tongue 
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True it IS that lecovenes occur after destruction of the primary 
lesion without gland excision, and the latter operations are, therefore, 
not always necessaiy The numher is smaller than is accepted and these 
fortunate induiduals may he selected only by the aid of a time factor 
which also determines a larger group of unfortunates condemned by 
omission and procrastination In view of the very low mortality rate 
following excisions of legional lymph glands, a larger proportion of 
lasting leco^erles would be obtained were all patients subjected, as a 



Fig 7 — Closure completed, skin suture usually inserted at point where 
drainage tubes emerge but are not tied until the second day, small diagram 
shows method of inserting buried and superficial skin sutures 

rule, to even incomplete extirpations, regardless of the size and duration 
of the initial lesion and a failure to demonstrate lymph gland involve- 
ment Proceed one step farther and the same comparison may be 
made between complete and incomplete glandular excisions, as has just 
been made between incomplete excisions and no excision Moreover, it 
is equally true that recoveries are more frequent after excisions when 
there has been slight glandular involvement, also that incomplete opera- 
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tions are more likely to be followed by local recurrences, which, in 
turn, are of increased malignancy and pi one to produce a rapidly 
fatal progress of the disease Complete opeiations can be performed 
with mortality and morbidity lates barely exceeding those due to 



Fig 8 — Diagram showing location of glands that determine the boundaries 
of excision 


incomplete excisions and for which more than adequate compensation 
IS found in the greater likelihood of recovery they assure There is 
but one truly conservative attitude that can be taken If operation 
IS indicated at all, then the more favorable the conditions, the more 
radical should be the extirpation If experience teaches anything, it 
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has taught this lesson Failuie to benefit from this expensive instruc- 
tion IS due to the fact that partial successes masquerade so long as 
complete successes and so often the realization of responsibility for 
catastiophe is blunted by its tardiness in appearing Could deaths 
and the needlessly incomplete, or delayed, functional recoveries due to 



improper operative methods occur as promptly as they do following 
ill-advised treatment of appendicitis, both lay and professional opinion 
would demand more effective treatment 

Radiation is at present the means besides excision usually relied 
upon to destroy initial lesions and to control malign lymphomas 
Radium and roentgen ray can destro)'^ primary foci of disease , but too 



76 


ARCHIVES OF SURGERY 


frequently they fail to control them, and even may stimulate the 
growth of the least formidable thereof, the basal cell epithelioma 
Similarly, extirpations have been unreliable and dangeious in removing 
advanced cancer of the tongue, tonsil and antrum 




Fig 10 — Skin incisions 

The exposures required to contiol such lesions by radiation alone 
are prohibitn ely dangerous, both locally and to the blood-forming cells 
Too little use is made of the actual cautery Foci that cannot be 
excised may be destro3fed by heat or by cauterization followed by 
radiation 
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Pi oof that sin face ladiation can destroy mtraglandulai malign 
diseases has yet to be pioduced Lymphomas usually dimmish m size 
aftei pioper exposures, even to the extent of becoming impalpable 
The piocess may appaiently be oveicome occasionally for considerable 





Fig 11 — Sternal portion of pectoralis major muscle, dnided at insertion 
and reflected to obtain exposure for deep dissection 


periods, but eventually an uncontrollable recrudescence develops 
Malign processes aie modified but not destroyed Moreover, 
ladiation produces local and general irritation which, like that of the 
malign diseases it is used to combat, has a selective action upon 
hematopoietic tissues and ultimately is similarl)" destructive in its 
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eftects Fatal lymphopenia and anemia may be pioduced experi- 
mentally with external radiation and may have followed and have been 
precipitated by its theiapeutic application Facts and methods now 
available indicate that whenever extirpation offers at least as good 



Fig 12 — Method of repair when pectorahs major muscle has been saved 


prospects as radiation it is more reliable and in the long run is safer 
Radiation used in palliation can accomplish much when operation 
would be worse than useless The proper combinations of operation 



1 ATES—SUPERFICIAL LYMPH GLANDS 


79 


and radiation aie yet to be established satisfactoiily One basic fact is 
known Iiieparable injuiy will follow if local and general functions 
aie not safeguaided 

Effective extnpations of malign lymphomas from neck, axilla, 
and groin must lemove, in addition to structures involved, all of the 
gland-beai mg and disease-beaiing tissues and those in which he the 



Fig 13 — Skin closure and drainage of composite incision 


lymphatic connections with adjacent regions Moreover, prompt heal- 
ing and functional rehabilitation must be assured Surgery cannot be 
regarded as the treatment of malign diseases but as a basic phase 
of treatment upon which recovery depends The success of the sur- 
gical part of treatment is to be measured by the limits of its possibili- 
ties To remove eradicable disease m such a manner that the regions 
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wherein operations have been performed are rendered permanently 
disease-free, to prevent extension of the disease from the area operated 
on and particularly extension into a body cavity, to induce compensatory 
hypeiplasia and consequent hyperresistance in othei lymphadenoid 
structures, and to place patients in a position that permits them to 
begin to exert advantageously all of then powers for recover}^ 
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Fig 14 — Location of glands that determine limits of incision 

The operative methods to be described have been evolved from 
fifteen years’ experience in treating the most malignant of lymphomas, 
those due to the Hodgkin’s group of diseases They have been applied 
also in combating carcinomatous and tuberculous adenitis wherein the 
problems and solutions are quite identical Locations of dangerous 
glands have been determined at operation and at necropsy Unusually 
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extensive excisions are advocated because less radical operations ha-ve 
been followed by reciii rences, and the reasons for the recurrences 
were found to have been affected glands that could have been excised 
at the first operation without having added materially to the patient’s 
buidens Studies of tissues removed from patients suffering from 
cancel or tuberculosis have demonstrated that although the lymph 
gland involvement m these diseases is usually less general than it is 
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Fig IS — Dissection of superficial glands incomplete, of deep glands complete, 
internal saphenous vein and external cutaneous nerve spared 


in the diffuse types of Hodgkin’s disease or l}-mphocytic leukemia, 
nevertheless, virtually any of the glands and rarely all of the glands 
so affected may be invaded by tuberculosis and cancer 

Regional lymph glands and vessels regenerate after extirpation if 
the healing is smooth, in less than three months and apparently func- 
tion normally This has been proved by characteristic responses to 
fortuitous acute infections Regenerated glands are hyperresistant to 
the original disease since the}" may remain free when the involvement 
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has otherwise become geneial Moreovei, there is evidence that they 
contribute materially to general resistance Successful regional resec- 
tions induce lasting regressions of lymphomas in other regions and 
occasion at the same time notable improvement in general condition 
Complete regional resections may be performed not only without 
detriment but with great benefit to local and general resistance An 
old superstition to the contiary is still invoked to justify half-way 
measures 







/ 


Fig 16 — Skin incisions for removal of superficial inguinal glands and lower 
retroperitoneal glands 


The mortality rate following complete regional extirpations depends 
upon the patient’s condition Deaths in my experience have been 
due to periadenitis and have occurred only in ceivical operations and 
when landmarks were obscured and respiration embarrassed Fatali- 
ties have been confined to patients to whom uncertain palliation alone 
could be offered and who accepted risks of operation to obtain the 
chance for relief from pain and for an extension of life that other 
patients, similarly affected, had secured 
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Duiation of postojDciative convalescence is determined chiefly by 
infections, to which these wounds are predisposed The affected tis- 
sues usually haibor living bacteria and the regional ciiculation has been 
impaiied foi a time piecedmg operation If technical refinements that 
promote healing are not slighted, serious inflammation can be reduced 
to less than one m twenty-five 



Fig 17 — Structures remaining after superficial dissection is complete, 
method of obtaining exposure of the retroperitoneal glands 

The following technical details are applicable to all dissections 
If neglected, delayed repair and imperfect functional recovery will 
occur when they could have been avoided This has held true in my 
own work and accounts for failures reported by other surgeons who 
claim they have used the methods here described 

TECHNIC 

Skin flaps should be completely reflected as the first step, kept cov- 
ered with warm moist gauze, and protected from pressure until 
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replaced Dissections of deep tissues should be concentric, as soon 
as an area is exposed, bleeding vessels should be ligated and hot moist 
dressings applied Shaip dissection is superior After dissection is 
completed, dead spaces aie obliterated so far as possible by suture or 
tissues so fixed by sutuie that the pressure of bandages will lead to 
their obliteration A muscle flooi is to be fashioned upon which the 
skin flaps, that have become skin grafts to a large extent shall rest 
and from which they aie to obtain their circulation 



Fig 18 — Deep and superficial closure, drainage of superficial wound not 
illustrated , no deep drainage used 

The importance of constructing a floor of muscle denuded of fascia 
but assured of adequate circulation cannot be overestimated Hal- 
sted’s ^ splendid contribution to this subject should be studied by 
every surgeon and his suggestions followed in detail Elephantiasis 
chirtirgica is an avoidable complication with the exception of three 
conditions (1) that following recurrent attacks of erysipelas that 
occur at intervals after operation, (2) lymphedema of the external 


1 Halsted, W S Bull Tohns Hopkins Hosp 32 309 (Oct ) 1921 
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genitalia following bilateral excisions of both deep and superficial 
inguinal glands, (3) a rare form that develops slowly a year or more 
after operation and is possibly due to prolonged irritation of semi- 
dormant bacteria that have persisted in the tissues 

Attempts to disinfect the deep wound with lodm, ether, oi loentgen 
ray are more than futile They aie harmful as they provoke greater 



Fig 19 — Scar of original incomplete operation, performed one year pre- 
Mouslj' for tuberculous adenitis, spinal accessory nerve had been dnided, patient 
sought relief from pain and disability due to trapezius palsy rather than from 
rapid local recrudescence of disease, scar of radical operation performed through 
composite incision eight months ago indicates poor healing occasioned bj pre- 
ceding operation 

serous exudation and edema Accurate hemostasis is imperative 
Drainage is not always necessar}'-, but if small soft tubes are used 
and removed early, smooth healing is more certain Accurate approxi- 
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mation of the skin incisions minimizes scais Silk in the long run 
IS far more dependable foi ligatures and sutures than catgut, if it is 
as fine as possible, tied m three knots, and the ends cut very short 
Dressings must be ample and soft to equalize pressure Gauze, well 
moistened m warm glycerin and applied next to the wound, encourages 
hypeiemia and the discharge of serum It also pi events gluing of the 
gauze to the skin and greatly facilitates the first dressing on the third 
day The earliest reactivation compatible with healing is desirable 
Exposure of the field of opeiation to sunlight or to electric light is 
advantageous if not overdone Massage can usually he staited within 
ten days Manipulation should be gentle at first, gradually becoming 



Fig 20 — Anterior view of patient shown in Figure 19, illustrating partial 
effect of eleventh nerve palsy The nerve had been reunited at the last opera- 
tion There is enough recovery of function to relieve pain, and the disability 
IS less 

more forceful to help loosen the deep adhesions and to piomote 
formation of compensatory blood and lymph circulation 

A complete excision of regional glands is possible only when more 
than the tissue in which they he is removed The glands which deter- 
mine the limits of a cervical dissection are indicated in Figure 1 
The upper boundary of both superficial and deep groups is above the 
level of the jaw It includes most of the submaxillary and the lower 
portion of the parotid salivary glands and the tissue overlying the 
mastoid The anterior boundary is to the opposite side of the midhne 
The posterior boundary lies superficially, an inch (2 5 cm ) or more 
behind the anterior margin of the trapezius, and extends deeply from 
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the skull downward behind the trapezius and clavicle to the axilla The 
inferior boundary anterior to the clavicle extends from below the 
suprasternal notch outward to the trapezius , posterior to the clavicle, 
it reaches from the jugulosubclavian juncture to the lower limit of the 
posterior boundary beneath the trapezius Deep limits are the cervical 
muscles and include the spaces around and at times between the cords 
of the brachial plexus and that posterior to the great vessels The 



Fig 21 — Bastianelh incision made four \ears ago in a remo\al of tuber- 
culous lymphomas of so malign a type that the sternocleidomastoid had to 
be excised to make a complete operation possible, resulting in excellent healing 


superficial limit is the platysma muscle Preauncular and occipital 
glands are removed only when involved and are approached through 
separate incisions 

Some of these gland gioups are particular!) notevorth) since they 
aie easily overlooked and this neglect has led to failure to obtain 
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regional recover}' Those l3'ing behind the upper attachment of the 
sternocleidomastoid muscle, between the internal jugular vein and the 
mastoid, are often diseased and impalpable This is also true of the 
glands back of the angle between the sternocleidomastoid and trapezius 
muscles and extending downward behind the anterior margin of the 
trapezius to join with the postaxillary glands in front of the subscapn- 



Fig 22 — Opposite side of neck shown in preceding illustration, quite as 
radical an operation was performed two weeks later through a composite incision 
with equally good healing and leaving a much less objectionable scar, no recur- 
rences on either side 

Ians muscle The glands lying near and between the cords of the brachial 
plexus communicate with axillary glands behind the plexus and mesial 
to those just described The middle part of the subclavian chain com- 
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municates with the axillary glands anterior to the plexus The outer- 
most glands of the subclavian chain communicate with axillary glands 
lying upon the subscapularis muscle as indicated above The inner- 
most are m the pathway between the neck and the mediastinum The 
more superficial anterior glands are not shown in the diagram m order 
to avoid complications They make necessary the removal of tissue 
beyond the midline m order to protect the other ceivical region A 
group of glands is commonly present below the middle of the clavicle, 
anterior to the pectoiahs major muscle upon its fascia, or lying in a 



Fig 23 — Recovery from tuberculous adenitis occurred in this patient in 
spite of incomplete operations One radical excision uould have left no more 
scar, reduced total disability, and would have gnen greater assurance of 
recovery 

space between the muscle bundles This group communicates above 
with the cervical glands through hmphatics placed anterior to the 
clavicle, and directly posteriorly, it communicates with the axillary 
glands It is to be borne m mind that the distribution of glands has 
been determined entirely by repeated morbid anatomic observations 
Certain structures lying within these limits must be preser\ed 
(Fig 2) to assure the function necessar}! to protect local resistance 
The sternocleidomastoid and oinoh}oid muscles seldom require com- 
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plete removal and then because of periadenitis oi invasions Glands 
are rarely present in the lower tendon and adjacent muscle of the 
sternocleidomastoid, and, if not involved at the time of operation, seem 
to be negligible Both of these muscles are useful in repair, both have 
sufficient blood supply through tendinous branches to make them viable 
though they are otherwise denuded It is unsafe to divide them to 



Fig 24 — Scars of multiple operations performed to remo\e hmphomas of 
Hodgkin’s disease This man has made a s 3 'mptomatic reco\erj" in spite of 
incomplete excisions Scar where preauricular glands were excised ma}" be 
noted This patient would have recovered more promptl} after one complete 
extirpation and at least two recurrences would have been prevented had the 
lo^^er margin of the parotid been removed The tan on his shoulders indicates 
persistent after-care e\en though he surrired serrice vith the A E F and 
i\as discharged in splendid phj^sical condition His recover}’- is attributable to 
the splendid physical condition maintained and illustrates what can be accom- 
plished m spite of surgical errors 
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facilitate dissection and to suture later, as necrosis or progressive 
cicatrization is liable to follow Blood and lymph circulations are 
reestablished rapidly and adequately if the carotids and the deep 
jugular vein are spared Plastic operations upon these vessels are 
preferable to ligation Leakage from an injured thoracic duct that is 
not noted at operation declares itself promptly and should be controlled 
immediately Pressure packing with hot cotton usually suffices Pro- 
tection must be given to neives during both operation and healing 
Injury to the spinal accessory nerves is not always avoidable If 
reunion after division is impossible, implantation of the proximal trunk 



Fig 25 — This boy has survived multiple incomplete bilateral cenical 
excisions of Hodgkin’s lymphomas, with division of both spinal accessory 
ner\es, followed by equally ill-adiised exposures to the roentgen ray Two 
complete operations were finall}’^ performed through composite incisions, ner\e 
repair w’as unsuccessful The subsequent healing was poor as the scars indicate 
Lnmg in the open has made the difference between a hopeless and a good prog- 
nosis Onset of disease six and a half \ears ago, last operation one year and 
four months ago 

into the trapezius muscle may obviate paralysis Drop shoulder due 
to trapezius paralysis does not appear for several weeks It is 
unsightly, a decided handicap to actuity, and is frequenth painful 
Protection against this handicap is so important that the communicat- 
ing branches between the certical plexus and spinal accessor^ nertes 
should be saved if possible Injurv to the h\poglo<=sal nerte during 
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operation is rare, but as the result of cicatrization it is not uncommon, 
particularly if a Bastianelli incision is used It must be remedied at 
once or it becomes a fatal complication The pneumogastnc nerve is 
seldom injured by operation or cicatrization, though it may be affected 
by pressure exerted by disease The phienic nerve is laiely endan- 
gered, and though injuries to it may not cause notable paralysis of 
the diaphragm, it should be protected Complete facial paralysis has 
not occurred, but paialysis of the lowei hp is the rule The small 
branch of the seventh nerve to the hp can sometimes be saved Its 



Fig 26 — Anterior view of patient with double spinal accessory palsy, with 
shoulders elevated 


preservation is of little consequence as regeneration is virtually con- 
stant Similarly, the nerve supply to the omohyoid, sternohyoid and 
sternothyroid muscle should be saved if possible The lingual branch 
of the fifth cranial nerve may be traumatized when the submaxillary 
gland is completely excised and especially when local anesthesia is 
employed Subsequent paresthesias are uncommon , but they are 
so disagreeable when thej'’ do occur that the nerve should be carefully 
protected Sensory branches of the cervical plexus require no 
consideration 
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Incisions (Fig 3) are determined partly by the exposure required 
but more by the charactei of the healing likely to follow The 
Bastianelh incision makes possible a rapid reflection of skin flaps and 
gives excellent exposure, but immediate healing is uncertain The 
longitudinal branch is later liable to be the site of a dense band of scar 
tissue which interferes with motion, is irritated by a collar, and is 
unsightly A composite incision, extending backward from the lobe 
of the ear, downward posterior to the anterior margin of the trapezius 
and anteriorly in natural skin creases to the opposite side of the neck, 
has been more satisfactory even if flap reflection is more tedious and 
the exposure less pleasing 



Fig 27 — Posterior view of patient with double spinal accessor 3 palsj \\ith 
shoulders elevated , lifting strength much below normal 

The skin flaps should not be dissected too thin Routine removal 
of the entire platysma muscle is unnecessary A margin of this muscle 
along the skin incision should be saved to aid both in closure and in 
healing If a composite incision is made, the skin posterior to the 
veitical portion is not reflected so as to assure a normal circulation on 
one side of the line of suture Very occasionally a separate submental 
incision may be made to assure a more accurate excision of these 
glands The Bastianelh incision, appropriately modified is preferable 
foi operations consisting of two stages or more, when a one-stage 
operation is known in adiance to be undesirable 
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made The chief danger, especially in the presence of periadenitis, lies 
in venous injuries while the subclavian and lower jugular veins are 
being freed If all of the rest of the dissection has been completed, 
this dangei is minimized and prompt exposure of an injured vessel is 
assured Figure 5 shows a satisfactory method of obtaining the tissues 
leading from the neck to the mediastinum Traction from above, with 
careful b’unt finger manipulation, makes possible a far deeper removal 



Fig 29 — Opposite axilla of patient shown in Figure 28, no function'll 
impairment on either side 


than would be surmised Accurate clamping as the dislocated glands 
aie cut free eliminates active bleeding Sharp dissection cannot be 
used to advantage in lenioving the fat King between the cords of the 
brachial plexus or that filling the space between the clavicle and 
tiapezius, anterioil) and the subscapularis posteriorly Gauze di*;- 
section IS safe if the resisting bands are clamped slowly, cut and 
ligated INIotor nen es are thus recognized and troublesome bleeding 
due to retraction ot seiered \esscls is pre\ented 
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The first step m closure is to inspect ever}'^ part of the wound 
for bleeding and for gauze or cotton packing Occasionally, a few 
stitches will be needed to check oozing from the raw surface of the 
parotid Muscles (Fig 6) are sutured so as to cover exposed nerve 
trunks and to provide as complete and as even a floor for the skin 
flaps as possible Avithout causing too gieat tension Soft drainage 



Fig 30 — Scar of Kocher incision used in remo^al of Hodgkin’s lymphomas 
four and a half years ago 


tubes are inserted and fixed so they can be withdrawn the next morn- 
ing without disturbing the bandage 

Interrupted stitches are used to approximate subcutaneous tissue, 
using platysma wherever possible, m such a manner that the skin 
edges are overapproximated Subcutaneous sutures are so inserted 
(Fig 7) that the knots are placed inward, awa)'- from the skin The 
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skin stitch illustrated gives splendid approximation, but possibly con- 
tributes to keloid formation 

Large amounts of elastic dressings are placed upon the warm 
glycerin gauze next to the wound and the head inclined toward the 
operated side, rotated toward the opposite side and firmly fixed This 
uncomf 01 table position should be maintained for four or five days 



Fig 31 — Scars of composite incision used to remove an endothelioma from 
arm, and to excise the axillary glands a year ago This patient has not regained 
function in the pectoralis major which explains limitation of motion 


Patients should be encouraged to sit upright as soon as anesthetic 
dizziness has disappeared and to get out of bed on the second daj 
It has been asserted that these operations are best performed vith 
local anesthesia My experience has taught that ether anesthesia 
gn en with the Connell apparatus is the most satisfactor\ method for 
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the patient After the first half hour the anesthesia should become 
analgesia A more accurate dissection can be made than is possible 
with local anesthesia The patients are conscious before closure is 
complete, and, as a group, show little of the bad effects of ether. 
Morphin is given before and after operation 

Extirpation of axillary glands is far easier than that of cervical 
glands, but postoperative repair is less satisfactoiy The glands that 



Fig 32 — Patient showing how little a composite incision shows even when 
there is extensive keloid at thickening in the scar 


determine the safe limits for excisions are indicated in Figure 8 The 
upper boundary is superficially above the clavicle and includes the 
fascia over the sternocleidomastoid and trapezius muscles , deeply it 
extends from beneath the sternoclavicular ligament outward to the 
latissimus dorsi tendon, m front of the vessels up to the clavicle and 
behind the nerves upward to include the upper subscapularis margin 
Laterally, the boundary is superficially the anterior margin of the 
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latissimus dorsi and deeply the fat lying anterior to this muscle 
Inferiorly, the boundary is determined by the disease In cancer ot 
the breast it includes the upper rectus fascia and extends thence out- 
ward to the latissimus dorsi The mesial boundary extends from the 
opposite pectoralis major muscle and in cancer includes the entire 



Fig 33 — Result three jears after radical operation for mamniarv cancer 
The pulling band in the avilla could ha\t been obwated and better function 
obtained if Halsted’s operation had been performed 


homolateral pectorahs major, m the other affections onh the upper 
portion of its fascia Superficially, the limit is the subcutaneous fat 
and deeply, it is the ribs and intercostal muscles 
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Gland groups, especially noteworthy because they may be Over- 
looked and may lead to avoidable extension oi legional recurrences, 
are all easily removable Those lying close to the sternal attachment 
of the pectorahs major communicate with the mediastinum and are 
removed if the muscle is cut close to its origin No serious bleeding 



Fig 34 — Scars of operations performed six and a half years ago to remove 
superficial glands from both groins because of Hodgkin's disease This is the 
same patient shown in Figure 30 He served with combatant troops in France 
and at present is disease-free 

need follow if perforating branches aie clamped before they can 
letract The glands located above and behind the axillary vessels are 
m direct communication with the neck and those in the fat anterior 
to the latissimus dorsi are, similarly, gateways to the lymphatics m 
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tlic spinal canal A gland or two is irregularly present within the 
mammary gland near its outei margin but occurs often enough to 
require excision of this poition of the breast in noncancerous affec- 
tions Like the preauncular and occipital glands in cervical mvohe- 
ment, there is a group lying over the infraspinatus muscle just belo\\ 



Fig 35 — Wound on second day after excision of deep and superficial 
inguinal glands, sutures have been removed from lower half of incision and 
adhesive strips applied to prevent separation of skin margins 


the Spine of the scapula that require removal only when involved 
and are then secured through a separate incision 

Structures essential to function that should be spared in axillary 
dissection are few Complete excision of both pectoral muscles is indi- 
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cated m operations foi mammary cancel In other affections the 
pectorahs minor alone is removed Preservation of the external 
anterior thoracic neive is usually impossible Contraction of the 
pectorahs major may return in a few weeks even when it is divided 
The posterior thoracic nerve and the branch to the latissimus dorsi 
should usually be saved Mam axillaiy vessels should be saved to 
pieserve function and to give direction to regenerating lymphatics 
Injury to the cephalic vein should be avoided, as it is of great value 
in compensating if the axillaiy vein is destioyed and in aiding the 
regeneration of lymphatics 

Removal of dangerous tissue required in operations foi mammary 
cancer (Fig 10) demands incisions not needed in the excision of 
axillary glands involved by other malignant diseases Only the latter 
operation will be described in detail The reader is referred to Hal- 
sted’s description of his radical operation for cancer of the breast for 
the methods that both give the greatest protection and assure the 
most satisfactory functional recovery - Longitudinal incisions in the 
midaxilla are favorable neither for exposure nor for healing An 
exaggerated Kocher incision gives adequate exposure and heals fairly 
well The composite incision gives better exposure, heals well, is less 
unsightly, and can easily be varied to suit conditions 

After skin flaps have been reflected and protected, a concentric 
deep dissection is started A superficial reflection is begun above the 
clavicle and along the mesial boundary that includes all tissues down 
to the muscles It extends downward m women below the upper mam- 
mary margin and includes the lateral bordei of the breast , m men 
the pectoral fascia is more widely lemoved When this part of the 
dissection is finished, the upper anterior surface and entire lateral 
margin of the pectorahs major is exposed The tendinous insertion of 
its sternal portion is then divided fairly close to the humerus and 
as the under surface is separated this part of the muscle is reflected 
toward the opposite side (Fig 11), giving abundant exposure The 
inferior boundary of incision at the lower margin of the pectorahs 
major is carried lateially onto the latissimus dorsi The whole of the 
mesial margin of this muscle is exposed, the muscle retracted and 
the underlying fat dissected toward the midline Removal is hence- 
forth from above downward The clavicular portion of the pectorahs 
major is retracted, the insertion of the pectorahs minor divided and 
all of the fat above and anterior to the vessels dissected downward 
The' axillary vein is freed from beneath the falciform ligament out- 

2 Halsted’s discussion of the causes of postoperative elephantiasis is in\alu- 
able in connection with extirpation of ffmph glands, Footnote 1 , Developments 
in the Skin-Grafting Operation for Cancer of the Breast, J A M A 40 416 
(Feb 8), 1913 
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ward and its branches ligated, except the vein accompanying the 
external respiratory nerve Upward retraction of the vein makes 
possible the removal of fat lying behind and above, first mesial to, 
and then lateral to, the hianch that has been saved Discovery and 
protection of the tvo nerves is easy The remaining excision of the 
single mass of tissue is lapid This dissection removes all dangerous 
gland-bearing tissue and breaks lymphatic connections with spinal 
canal, neck, mediastinum and opposite axilla 

Deep closure (Fig 12) includes fixation of the pectoralis major to 
the chest wall with a few mattress sutures of catgut to help obliterate 
a large and dangerous dead space, suturing the tendon at its line 
of division and stitching the lateral border to the anterior margin 
of the latissimus dorsi Drainage of these wounds is imperative The 
superficial closure is similar to the cervical (Fig 13) 

Bandages include the arm when the pectoralis major is saved 
and active motion is deferred until after the fifth day Function is 
nearly normal in a few weeks 

Removal of inguinal and iliac glands is easy and immediate heal- 
ing IS satisfactory provided the technical niceties are observed in every 
detail There is postoperative edema of the genitalia of some dura- 
tion that IS particularly troublesome after bilateral operations A 
distinction is to be made between superficial and deep involvement 
(Fig 14) The superficial glands extend from above Poupart’s liga- 
ment to below the midthigh and from the pubes to the anterior superior 
spine, the deep involvement from beneath Poupart’s ligament to the 
sacral promontory Limits for superficial and deep excision are obvious 
There is difficulty in deciding when to extirpate the retroperitoneal 
glands because of consequent edema of the genitalia if operations are 
bilateral A few structures should be spared The long saphenous 
vein IS valuable in helping regeneration of lymphatics Sparing the 
external cutaneous nerve prevents annoying anesthesia Deep epi- 
gastric vessels can sometimes be saved, but ligation seems to make no 
difference in the healing and provides better exposure (Fig 15) 

Skin flaps are separated and protected with particular care The 
superficial dissection is made concentncally It removes all the tissues 
from above the level of the internal ring down to the fascia of the 
external oblique muscle (Fig 15) The fascia lata is excised as close 
to Poupart’s ligament as a sufficient protection against hernia permits 
Separation of glands from the femoral vein, notably at the juncture 
with the saphenous vein, may be a little troublesome Otherwise the 
dissection is simple 

Incisions are determined by the healing (Fig 16) If made with 
convexity inward, a skin slough is probable , a slight convexit} out- 
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ward IS safe if located slightly to the mesial aspect of the thigh If 
only the superficial glands are to be removed, the incision extends 
from just above Poupart’s ligament to just above the midthigh, if 
a deep dissection is contemplated, the upper limit is extended to the 
level of the umbilicus 

Exposure of retropeiitoneal glands is obtained by a herniotomy 
incision The fascia of the external oblique muscle is split just above 
the upper margin of the external ring The spermatic cord, protected 
against injury, is displaced upward ivithout avoidable exposure and 
separation The internal oblique and tiansversalis muscles are separated 
outward from Poupart’s ligament and displaced upward (Fig 17) 
After the deep epigastric vessels are ligated or stretched and dis- 
placed, the peritoneum is separated and elevated Fat and glands are 
lemoved from below upward, largely by blunt dissection Resistant 
bands are made tense by traction, divided between clamps It is 
thus possible to make safely a clean dissection as high as the piomon- 
tory of the sacrum (Fig 15) 

Closure (Fig 18) of a wound created foi deep excision is like the 
Ferguson- Andrews herniotomy closure, except that the lower leaf of 
the external oblique fascia is placed superficially m order to transplant 
the suture line upward, away from the zone of danger of poor heal- 
ing Extra care is to be taken to obtain a smooth muscle flooi Exci- 
sion of fascia lata and the construction of a muscle floor make possible 
immediate healing and the development of a compensatory circula- 
tion Later the skin scar becomes freely movable, the subcutaneous 
fat IS smooth and the fascia lata seems to regenerate The deep 
retroperitoneal space obliterates itself so that drainage is unnecessary 
if the ligation of vessels has been accurate and oozing has been con- 
trolled by hot packs A small tube should be inserted at the lower 
angle of the skin incision and carried upward along the inner side 
of the sartorius to just below Poupart’s ligament It should be removed 
the first day Abundant elastic dressings and a snug spica are needed 
to maintain pressure and to hold the thighs in flexion The foot of the 
bed should be elevated as high as tolerable 

These patients should be out of bed in a week or ten days and 
begin at once to walk a little, then to sit with the feet elevated until 
the swelling is less If this method of exercise is coupled Avith system- 
atic massage, recovery is hastened 

A few photographs are reproduced herewith to show the healing 
and the functional results following operations performed according 
to the methods described They have been selected as fair examples 
of cases that have gone long enough to indicate the probable accomplish- 
ments of this type of surgery 
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COMMENT 

A study of Hodgkin’s disease begun fifteen yeais ago developed a 
deepei interest in othei lymph gland affections After a few years 
the investigation was broadened by a realization that Hodgkin’s disease 
possesses chaiacteristics of both a granuloma and neoplasm and is 
a sort of connecting link between them A comparative study of 
tubeiculosis, Hodgkin's disease and cancer was undertaken to learn 
fiom then pathogenetic activities and consequent defensive responses 
^\hate^el might help to solve the chief pioblem — a means to more 
effective tieatment 

Results of these studies have been published^ at inteivals and 
are the basis of this papei, which would have become overlong had 
the e^ idence again been pi esented Clinical and experimental data 
indicate variations in susceptibility to the diseases in question, and 
that age, sex lace and environment are to some extent mfluent'al 
Moreover, theie are vaiiations in individual susceptibility to the ravages 
of the diseases, once they are established, which are determined by 
other influences than that of duration of the ailment Two conclusions 
have been drawn First, there are defensive reactions concerned, which 
are responses to irritation of disease, and, second, effective treatment 
must 1 educe iriitation and conserve defensive powers 

The oftensne mechanisms have many parts in common They 
induce far less obvious responses than do more acute diseases because 
the reactions are of less degree and of far greater duration, like the 
ridges in the bellows of an accordion that tend to disappear when 
the ends are more widely separated Nevertheless, certain features 
are well established Living irritants, bacteria or morbid cells, extend 
from a primary focus or portal of entry through lymphatics to lymph 
glands or lymphadenoid structures in which, if the parasitic cells are 
able to develop, secondary foci are formed from which further exten- 
sion similaily occuis Hematogenous dissemination is also a possibility 
or perhaps a probability In addition, there is a constant dissemination 
of soluble iriitants pioduced by the action of morbid cells The tox- 
emia affects the hematopoietic system, the nervous system, liver, 
kidney and heart muscle Thus arise the anemia, depression and other 
manifestations that make up the disease picture 

Defensive responses depend upon intensity of the irritation and 
reactability of the host There may be much or little lymphangitis and 
peiilymphangitis , lymphomas may develop rapidly or remain obscure, 
anemia may be a first sign or a ver}-- late one, mental depression and 

3 Yates, J L Tr Western Surg A 26 373, 1916, Surg , Gynec & Obst 
27 156 (A.ug) 1918 



106 


ARCHIVES OF SURGER} 


physical weakness may be disproportionate to the amount of disease, 
febrile responses may be prominent or absent, or in Hodgkin’s disease 
they may be pathognomonic 

Theie are two reactions of great importance from the standpoint 
of treatment Moderate irritation of lymphadenoid tissue causes stimu- 
lation of lymphoblasts which provokes not only an increased production 
of lymphocytes, but, what is still more significant, it leads to a forma- 
tion of something which simulates an antibody, m that it possesses 
protective value Just why an abundance of lymphocytes about the 
local lesions and in the blood stream indicates a more competent 
defense is not clear, but it has held so accurately m our studies that 
it IS accepted as a fact 

A working hypothesis that will be satisfactory until the functions 
of the lymphocyte are discovered, because it has been substantiated 
by observations, is that good defense is typified by a moderate lymphoc}’-- 
tosis By the same token, effective theiapy preserves or precedes 
increased lymphoblastic activity that will be insufficient to cause 
lymphoblastic exhaustion 

This hypothesis will hold whether or not the lymphocyte is found 
to be of value in defense, because active lymphoblastic tissue is invalu- 
able Newly forming lymphadenoid tissue is both intrinsically hyper- 
resistant and beneficial to the entire organism Lymphoblastic stuctures 
undergo the compensatory hyperplasia seen in other varieties of 
glands if a considerable proportion is suddenly removed and the 
remainder is relatively normal I believe I have found that a physio- 
logic response of this nature consequent upon regional lymph glandular 
extirpations or splenectomy, followed by exposure to sunlight, is the 
best way, if not the only way, to induce desirable lymphoblastic 
stimulation 

These diseases do not, as a rule, progress steadily and it is 
improbable that uninterrupted development, even in the ultra-acute and 
chronic forms, is more than the rarest of exceptions The alternating 
phases of growth and retardation in disease evolution are believed 
to be due to periods when the defensive reactions are nearly adequate 
or quite inadequate If spontaneously they became and remained 
adequate, the disease would cease to be malign, which is the usual 
course m tuberculosis Should the irritation be early and sufficiently 
reduced by extirpation, as it may be m cancer and in Hodgkin’s disease, 
the living irritants are rendered innocuous and remain latent until 
defense is subsequently disturbed and a recrudescence is established 
Renewed activity can occur after thirty years of latency m cancer,'^ 

4 Finnej m Keen, W W Surgery Its Principles and Practice Philadelphia 
W B Saunders 3 603, 1908 
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and I have seen it appeal in a Hodgkin’s “cure,” eleven years after 
the disease was supposedly overcome 

Attention is too easil) focused upon local leactions and too little 
consideration is given to the more general responses Integrity of the 
•entire circulatory system is requisite to recovery, not merely of the 
lymphoblastic fraction This includes the bone marrow and the heart 
muscle directly, and less directly the liver and kidneys However it 
may come about, whethei through age, unhygienic living, or inter- 
current influenza, etc , impairment of the hematopoietic structures 
predisposes to a serious break in defense 

Treatment consists of eradication of local disease and conserva- 
tion of hematopoietic function My expeiience has taught me that 
complete excisions aie trustworthy Adjacent regions may become 
involved when resistance is dissipated and widespread dissemination 
follows, yet the excised areas remain free Failures to obtain regional 
cures have been due in inj'^ hands to partial excisions I believe the 
reason that operations m the treatment of Hodgkin’s disease are in 
ill repute is because they have not been thoroughly performed 
Incomplete operations are still being performed in combating cancer 
because the greater advantages of radical surgery have remained 
■undemonstrated 

I am opposed to routine radiation for three reasons It is an uncer- 
tain means for the elimination of a primary foci It has never con- 
trolled malign lymphomas permanently It has a deleterious effect upon 
Fematopoietic function when too large doses are given Dose measure- 
ment IS difficult An estimation of a patient’s susceptibility to roentgen- 
ray is guesswork 

I have seen patients who have boasted of the phenomenal exposures 
to roentgen ray and especially to radium that they have been able to 
withstand Their blood showed the lethal effects which a short time 
demonstrated Radiation will reduce the white cells in leukemia It 
will do so m the absence of leukemia It will also produce an aplastic 
anemia Time was when enthusiasm for radiotherapy was alone 
tempered by the danger of skin burns It should be regulated now 
by the dangers of bone marrow burns 

Efforts to stimulate a production of lymphocytes, of erythrocytes 
and of blood platelets after the mother cells have become exhausted 
or destroyed have been unsuccessful Life can be prolonged materially 
by repeated blood transfusions, particularly when radiation is being 
pushed energetically for palliation Living m the open with exposure 
to sunshine is the surest and safest method for getting maximum 
benefits 
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It must be lecalled that ladiotheiap}’’ is still in an experimental 
stage Some excellent results, like the tieatment of cancer of the 
cervix of the uterus, aie now obtainable Othei real advances will 
be made Expeiimental and clinical cMdence indicates that radiation 
IS least harmful when the lymphoblastic activities remain unaffected 
Administered within this limit theie may be some advantage to be 
obtained from postoperative tieatment If the dosage exceeds this 
limit and pioduces lymphopenia haim is being done, even though 
palliation of an otherwise unrelievable disease is the only aim 

SUMM ARY 

There aie good reasons foi the unuersal dissatisfaction with the 
results of present methods of ti eating malign diseases Failures 
are partially attributable to late diagnosis and deJa}’^ed treatment, but 
the}'^ are also due to a concentiation of medical activities upon signs 
and symptoms of disease rather than upon the real factor that 
detei mines the outcome — the defensive capacity of the individual 

Pi ogress IS impeded at the present time by too great expectation 
fiom the searches and researches devoted to the discovery of 'cures” 
A very natural and human desire foi a panacea may one day be grati- 
fied, but, judging from the past, that day is still remote Meanwhile 
the clinicians who are ti eating patients must make advances with the 
means at hand if they recognize their responsibilities and their oppor- 
tunities There is ample reason to belie\e that individuals vary in 
susceptibility to malign diseases and also in susceptibility to their 
ravages once the)’- are established Treating malignant diseases has 
accomplished relatively little Ti eating the patient to decrease suscepti- 
bility has accomplished a great deal in tuberculosis and can be extended 
to other malign affections with but one risk — that of benefit 

A logical method might well be made to combine all that is known 
to be effective in the treatment of disease with all that is knowm to 
be beneficial in treating the individual Such theiapy could be called 
scientific, and no other If\ it is to be adopted, we will have to stop 
drugging ourselves with statistics because scientific 'treatment can 
no more be determined by statistics than it can be instituted for them 
Figures compiled today upon what seem to be facts, tomorrow have 
little foundation in fact Results are proot, and when favorable results 
are obtainable, figuies are no longei malnipiilated to establish that fact 

In combating disease that can persist throughout a patient’s life and 
probably does so persist, it is manifest folly to speak of surgical cures or 
of cures of any kind The terra “cure ’ implies permanency and when 
used in this vay it is doubly harmful It releases patients from their 
obligation to take care of themselves and absolves their physicians from 
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their lasting responsibility in \\hat has become pieventive therapy 
Deaths due to avoidable mistakes m treatment aie no less unfortunate 
■whether they occui m ten days or m ten yeai s 

We know that m following this line of tieatment it has been possible 
foi patients sufteiing fiom malign diseases to have Ined longer than 
w^ould otherwnse have been possible I hope that the operation'; that 
have benefited a small gioup of patients may enable other suigeons to 
initiate lecoAenes of greatei duration in a larger niimbei 



THE VALUE OF ARTIFICIAL AIDS TO RESPIRATION 
IN “ACUTE OPERATIVE COLLAPSE OF THE 
LUNGS” (SURGICAL PNEUMOTHORAX) 
OCCURRING IN THE COURSE 
OF INTRATHORACIC 
OPERATIONS 

HISTORICAL REVIEW AND A DISCbSSION *■ 

RUDOLPH M^TAS, M D 

M.\V ORIl \NS 

THE TREND OF THORACIC SLRGERY IN 1920 AND 1921 

Impresbcd by the great volume and variety of articles on subjects- 
pertinent to the surgery of the thorax, ivhich have appeared in the 
current literature, I have endeavored to compile and classify the 
bibliography in order to determine, as far as practicable, the actual 
progress accomplished and the lines of adAance as foreshadowed by 
the activities of the workers m our special problems 

The great impetus gi\en to thoracic surgery by the experience of 
the woild war, so well emphasized by Dr Meyer in his presidential 
address, is still reflected m the current literature, and the vital issues 
raised by that experience continue to ride over the great tide of thoracic 
literature as its leading and dominant topics of discussion In a merely 
tentative and incomplete estimate of the bibliographic references on 
thoracic surgery which have appeared during the last eighteen months, 
or from Jan 1, 1920, to June 1, 1921, I find that of 210 titles no less 
than 30 per cent are devoted to acute and chronic empyema, 15 per 
cent to gunshot or other wounds of the chest, including foreign bodies, 
and 10 per cent to surgical and artificial pneumothorax, though this 
subject IS dealt with, directly or indirectly, in nearly all the papers on 
intrathoracic surgery as a correlated subject The remaining 45 per 
cent are represented unevenly in smaller percentages by foreign bodies 
in the chest, including the lungs, pleura and mediastinum, in the heart, 
pericardium, diaphragm, as well as mediastinal abscess, tumors and 
cysts, including hydatids and dermoids, lung abscess, bronchial fistula, 
retrosternal goiter and thjanus, and in the surgical affections of the 
chest wall 

This cursory inventory, imperfect as it is, shows that the great war 
topics, empyema, gunshot wounds of the chest, and pneumothorax, 
continue to be the dominant topics of discussion, though I believe that 
a careful statistical compilation of the bibliography, beginning with 

* President’s address, read before the fourth annual meeting of the American 
Association for Thoracic Surger}’, Boston, June 6, 1921 
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1915, will show that the crest of the wave of thoracic war literature 
was leached in 1920 and that from now on we may expect a steady 
decline of the wai contributions, which are devoted largely to narratives 
of individual oi collective, but sectional, military experience at the 
various battle fronts or base hospitals While the history of the war in 
its large statistical aspects from the international point of view and 
from official sources is largely in the making, many of the later pub- 
lications at borne and abroad suggest that with the return of peace we 
aie beginning to view with greater calm and discrimination the lessons 
of the great war and appraising them at their just valuation We are 
now entering a period of transition, in which, with a better perspectn'^e, 
we are utilizing tbe facts gathered in the strain and tumult of war to the 
greater profit of the more reflective and deliberate conditions of civilian 
practice Many of the sweeping generalizations which at first seemed 
to wipe out at one stroke all the traditions and teachings of thoracic 
surgery, so laboriously accumulated by past generations, are being 
tempered by a more guarded judgment This does not mean that the 
experience of the great war has not bi ought with it great and truly 
epochal revelations, or that the experience of the war has not left 
behind it many and momentous truths which will remain as permanent 
acquisitions in the line of advance and surgical progress — far fioin it 
What I mean is merely that we are now settling into a more reflective 
and retrospective mood, and learning to differentiate between the urgent 
and hastily improvised conditions of warfare and the requirements of 
a calm and better organized civilian practice 

The fearful experience of the pandemic wave of influenzal pneu- 
monia, with its secondary empyemas, which swept, as a deadly plague, 
over our military camps at home and during the fated years of 1917 
and 1918, taught us the most costly and yet the most profitable lesson 
We learned then that the deadly St) eptococctos hemolyticns was not to 
be dealt with as we had been in tbe habit of treating the more familiar 
and less deadly pneumococcus of the metapneumomc pleural infections 
It taught us a lesson of caution and conservatism m the treatment of 
pleural effusions in a way that entirely upset our older notions of 
pleural drainage The terrific mortality that attended the free and 
easy methods of pleural drainage when applied to the epidemic type 
of acute pneumonic empyema opened our eyes to the dangers of 
pneumothorax as an added complication to our interventions which 
extinguished the already crippled function of an acutely inflamed lung 
The resurrection of the closed methods of drainage which obviate 
the risks of pneumothorax in the acute pneumonic empyemas of strep- 
tococcal type — following as it did upon the systematic and collective 
investigation of the causes of mortality in the military training camps 
by the Empyema Commission appointed by the Surgeon General of 
the Army in 1918 — was a revelation, and marks an epoch in the history 
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of empyema which will remain as one of the most creditable and endur- 
ing contributions of American medicine to the surgeiy of the chest 

It IS curious, but not strange, that in surgery, as in all else, long 
forgotten or neglected practices, born often of pure instinct and 
empiricism, are revived, justified, and vindicated in the light of advanc- 
ing investigation, knowledge and experience It might thus appear 
that we have gone back nearly half a century in leturning to the closed 
methods of drainage and aspiration which had their origin in Dieulafo^, 
Bowditch and Potain, long before Bulau (1891) advocated them — in 
the minds of the old surgeons who instinctively feaied the entiance of 
air into the chest as a mysterious, but positive omI, vithout any lational 
understanding of its dangeis apart from the meie teachings of 
expei lence 

The same thought is suggested by the peiemptor}^ older to close 
immediately a “sucking wound” (traumatopnea) of the chest, which 
was mandatory along the whole battle fiont in Fiance as the first aid 
treatment to be applied in such cases This command recalls the antiq- 
uity of this practice which was attributed to Richerand in the seven- 
teenth century, and later, in the Napoleonic wais, to Lairey But the 
soundness of this teaching was undei stood long before them, if we may 
trust the chronicles of the medieval surgeons by the evidence furnished 
in the old Chirurgie of Guy de Chauliac and Maitre Ambroise Pare, 
who insisted that m penetrating wounds of the chest the first step to be 
taken was to seal immediately the external thoracic opening to prevent 
the further entrance of air 

This return to the ancient practices, however, does not mean a retro- 
gression , It simply means that the teachings and practices which have 
alternately prevailed and been discarded by dififerent generations haA e all 
had some elements of truth ingrained in them They have served a 
useful purpose, but have often fallen into disiepute through abuse of 
application and erroneous and misguided interpretations because the 
times were not ripe for them So we find that the practice of tapping 
and aspirating acute empyemas, or treating them by closed drainage has 
gone through many vicissitudes, and after periods of alternating prestige 
and decadence, has at last come to its just valuation through a clearer 
and more enlightened appreciation of its precise indications and 
limitations 

By the side of the more conservative retrenchment in the surgical 
interventions which characterized the antebellum surgery of empj^ema, 
the war has taught us a lesson in the opposite direction, namely, the 
possibility of controlling a bleeding wound in the lung and arresting 
a recurrent hemothorax by direct ligation or suture through an open 
thoracotomy, Avith far greater success than we had ever dreamt of 
Again, we have learned the advantage and practicability of forestalling 
the dangers of intrathoracic infections before these have had time to 
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become established This is well exemplified by the success which has 
attended the application of the principle of debridement or the primaiy 
surgical cleansing of ^^ounds — to the immediate or early extraction of 
contaminated projectiles whether retained in the lungs, pleura, mediasti- 
num. heart or pericardium But, m addition, the seeming freedom with 
uhich the chest has been opened with total disregard of the once dreaded 
pneumothorax, or, as Dr Meyer would put it, the “acute operative 
collapse of the lungs,” long after the patient has recovered from the 
piimai} effects of the trauma and the normal relations of the pleura 
ha\e been lestoied, is most impressive Granting that in these post- 
tiaumatic states the wounded pleura and lung have been prepared for 
the pneumothorax which follows the operative procedure, and that the 
conditions are not identical with those which obtain m the “virgin 
pleura” or m the patient who has never before been subjected to the 
shock of a traumatizing transpleural operation, it is none the less true 
that the success which has attended the mtrathoracic operations of the 
Fiench, and the allied surgeons who have followed them, has opened 
a new chaptei in the military surgery of the chest which furnishes 
abundant food for reflection 

It is, indeed, the seeming freedom and impunity with which the 
military surgeons have invaded the chest and manipulated the mtra- 
thoracic organs m extracting fragments and foreign bodies that is, 
perhaps, the most dramatic, if not revolutionizing, of the surgical experi- 
ences of the war Here, the advance of modern roentgenology combined 
with a daring operative technic has threatened to make a clean sweep — 
a veritable tabula lasa — of all the facts and theories that we so elabo- 
ratel}" built up as the very foundation of thoracic surgery 

It is upon the relations of this military experience to pneumothorax 
and its influence upon civilian practice, which were so admirably pre- 
sented by my distinguished predecessor in his presidential address, that 
the storm center of controversy has raged most passionately since the 
unaided “open door” policy in thoracic surgery has been loudly pro- 
claimed as the surgical doctrine to be followed by the up-to-date surgeon 
It would seem incredible that such an absolute and flat denial of all 
our antebellum experiences m the surgery of the thorax could be pos- 
sible It does not seem possible, even now, that all the facts, all the 
clinical and experimental obseivations which had been so laboriously 
gathered from remote antiquity to the embattled years following the 
fated August of 1914 were all an illusion and a myth 

HISTORICAL REVIEW 

111 1898 and 1899, nearly a quarter of a century ago, I was impressed 
and convinced that the dangers of acute pneumothorax were the impedi- 
ment and bar to the progress of thoracic surgery I then wrote “Until 
the dangers of serioush interfering ^Mth the respiraton function bi 
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inducing acute collapse of the lungs, is clearly eliminated or reduced 
to a safe minimum, the analogy between the pleura and peritoneum from 
the surgical point of view will never exist ” 


Under the stimulus of this conviction in 1898, I thought and labored to 
overcome this seemingly insurmountable obstacle to the advance of thoracic 
surgery Beginning then with a modification of the Fell-O’Dwyer mtraglottic 
cannula and insufflating bellows which permitted the simultaneous administra- 
tion of ether vapor — this simple apparatus, which hitherto had been used exclu- 
sively as an aid to artificial respiration in the treatment of asphyxia from 
suffocating gases, di owning, opium narcosis and other nonsurgical conditions, 
was then transformed into positive pressure apparatus and adapted to the 
requirements of thoracic operations But I had no favorable opportunity to 
try this apparatus in surgical practice on human beings None the less, I felt 
so confident of its value and in the principle which it carried with it, that I 
made “Pulmonary Insufflation with a Modified Fell-O’Dwyer Apparatus in Its 
Application to Intrathoracic Surgery” the main subject of my address as chair- 
man of the surgical section of the Louisiana State Medical Society, in May, 1898 
Fortunately, the suggestion then made fell on fertile soil and within a year 
after the reading of this paper, mj friend and colleague. Dr Parham, had 
occasion to demonstrate the practicability and efficiencj of the apparatus in a 
very difficult but successful case of transpleural resection of the chest wall 
for sarcoma, which he performed at the Charity Hospital with the original 
Fell-O’Dwyer apparatus manipulated by Dr J D Bloom, who was then house 
surgeon, and who was most skilful in its application This case sened as a 
text for Parham’s learned and exhaustive monograph on “Thoracic Resection 
of Tumors Growing from the Bony Wall of the Chest,” which has since reniained 
one of the outstanding landmarks in the literature of the subject 

Simple, and apparently efficient, as the modified Fell-O’Dwyer apparatus 
seemed to be for warding off the effect of collapse of the lungs in intrapleural 
operations, I realized, m 1898, that this phase of thoracic surgery was still m 
its infancy and that the clinical application of intralaryngeal insufflation in 
thoracic operations was, to a large extent, empiric and justified further experi- 
mentation with a view to elevating this mode of treatment to a higher plane of 


safety and scientific accuracy I, therefore, planned an entirely new apparatus 
based upon the pneumatic pump which, after the construction of several models 
and many trials, finally materialized m the finished working model which I 
presented to the American Surgical Association in May, 1901 In making this 
apparatus I had the collaboration of my then assistant and present associate. Dr 
John Smj'th, whose early training as a mechanical and civil engineer proved of 
inestimable advantage, hence, it is still catalogued by the manufacturers (McDer- 
mott Surgical Co , New Orleans) as the “Matas-Smyth Pump” for artificia 
respiration in medical and surgical practice I need not detain j'ou with t e 
details of the appliance which has been fully described elsewhere Suffice it to 
say that with the aid of this pump. Dr Smyth and I were able to study tie 
effects of differential pressure by direct intralaryngeal insufflation on the lungs 
of dogs and on human cadavers with an accurate gage in the piston ® 
and perfect control of the volume of air injected and a manometnc recor o 
the plus and minus variations in the pulmonary' tract, thus permitting 
determine with accuracy the volume of air required to obtain inflation o 
lung m open pneumothorax within physiologic limits, we then connrme 
obser^atlon of the pin siologists Landois, Donders and Hallion, that a P 
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pressure of from 6 to 10 mm and usually of 8 mm Hg was quite sufficient to 
overcome the elastic retractility of the human lung when collapsed by the 
admission of air into the pleura We also determined the extent of the trau- 
matuing or pathologic effects on the lung when the plus pressure was carried 
to excess as often happened when the bellows were used in the closed chest 
for artificial respiration in cases of asphyxia from suffocation, drowning, O’- 
opium narcosis and other nonsurgical conditions 

It was again with the help of this pump that in 1910 and 1911 with the invalu- 
able collaboration of mv then assistant and present associate. Dr C W Allen, 
who took charge of the laboratory work, we were able to conduct an extensive 
experimental investigation on the practicability of reducing the caliber of the 
thoracic aorta and of obliterating its lumen by plicating or infolding its walls by 
means of a parietal suture applied in two or more stages The object of these 
experiments was to constrict the aorta by gradual occlusion as a possible cure for 
thoracic and high abdominal aneurysms In these operations, which were all per- 
formed on dogs, the thorax was opened freely in the fourth left interspace bv a 
long intercostal incision (Mikulicz-Spangaro) which was enlarged with a self- 
retaining rih spreader, giving a clear view of the heart, thoracic aorta, and the 
roots of the lungs, making sufficient room for the necessary exposur-e and 
manipulation of the aorta 

Through this large opening, air at once entered the pleura freely, a partial 
collapse of the lung following the pneumothorax, but the ventilation of the 
lung was kept up by intralaryngeal insufflation through a soft rubber catheter 
in the trachea introduced by the glottic route This was attached to the pump 
which also supplied the anesthetic vapor and furnished the supply of air entering 
the lung The supply of air was regulated to a nicety with the pump and the 
effect of the plus pressure in inflating the lung was made visible through a 
large opening in the chest as well as by the manometer The aortic arch was 
easily isolated and brought to the surface by a tape which held it as a traction 
loop, steadying it and controlling the blood stream flowing through the artery 
while the plicating suturing was in progress Before this was attempted, how- 
ever, the effect of the aortic constriction on the heart caused by traction on 
the loop was carefully studied, as the behavior of the heart in the face of this 
obstruction helped to determine the degree of constriction in the aorta that the 
heart could tolerate with safety When the plication had been completed and 
the desired constriction obtained, the plus pressure in the pulmonary tract uas 
increased sufficiently to distend the lungs and obliterate the pleura, after which 
the intercostal incision was closed hermetically 

In our later work we found it practicable to use a foot bellows attached to 
the intralaryngeal catheter for ventilating the lungs on the Aleltzer-Auer prin- 
ciple as we could watch the effect of the air pressure on the lung through the 
open window in the chest and regulate it accordinglj' without the need of an 
additional assistant to record the excursions of the manometer or adjust the 
gage on the pump 

Without entering into details of this long and laborious research,’ a full 
report of which was published in the Transactions of the American Surgical 
Association for 1913, as these would be irrelc\ent to the purpose of the present 
discussion, I would merelj^ state that, as a result of our experience " the free 

1 This research lasted from Majq 1910, to ^lav, 1913, during which time 
151 dogs were used 

2 Alatas, Rudolph, and A.llen C W ^nn Siirg 58 304 (Sept ) 1913 
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opening of the thorax, rrhich was made nccessarj' for the safe manipulation of 
the aorta uas not attended by any mortality or untoward signs or symptoms 
due to pneumothorax, as the respiration and collapse of the lung was alvva)s 
controlled by the pump Postoperative infection of the pleura did occur an 1 
pror ed fatal in a little more than 9 per cent of the animals These operations 
conclusnely demonstrated to our minds the importance of keeping up the 
rentilation of the lungs and emphasired the \alue of differential pressure m 
restoring the normal expansion of the lungs at the close of the operation when 
the persistence of pneumothorax with a complete or partial atelectasis is more 
likely to be followed b\ profuse serous effusion than vhen the pleura is promptly 
hlled b\ the expanded lung Whatever mav be said of the tolerance of human 
lungs to acute surgical atelectasis or of the pleura to pneumothorax, it certainly 
cannot be denied that differential pressure is an obligate adjunct to the technic 
of intrathoracic operations in dogs for in these, as every experimenter knows, 
the frequent intercommunication of the pleurae leads to a bilateral pneumo- 
thorax which often proves fatal at the verj outset of a unilateral thoracotomv 

The decade 1900 to 1910, witnessed an extract dinary awakening 
to the possibilities of thoracic surgery and the literature teemed with 
the reports of new inventions and devices which clustered around and 
about the two opposite principles of difteiential pressure — the one 
tvpified by the mums piessure chamber of Satieibruch (1904) and the 
other by the plus pressure apparatus of Brauei (1904) — all of these 
finally culminating m a single and highly perfected apparatus which 
combined both principles and could alternately apply the plus or minus 
piessure principle, accoiding to the indications m any particular case 
This ingenious apparatus we owe to Dr Mejer (1909) and to his con- 
stant and untiring eftorts to attain the ideal of safety m intrathoracic 
intei ventions 

Then Meltzer and Auer (1909-1910) came a little latei to staitle 
us with a discov'^ery of their revolutionizing principle of intratiacheal 

V entilation without rhythmic pulmonary distention, which so simplified 
the technic of pulmonar)' aeration in spite of the bilateral collapse of 
the lung, that we felt that the acme of simplicity and effectiveness had 
been reached and that the great problem of surgical pneumothorax 
had been at last solved and made available to every operating surgeon 
Those of us who had labored industriously for years to attain what 
seemed to be a step forward in the advance on the thorax gloried in 
these achievements which were no longer confined to the narrow 
enclosure of the animal laboratory, but gave proof of their life saving 

V alue m the broader arena of the human clinic as well 

Such was the situation in thoracic surgery when the early reports 
which had reached us from the seat of war, at the end of 1916, m 
succeeding years to’d us of the extraordinary feats that were going 
on in the battle front in France, wdiere projectiles of all sorts were being 
extracted in a wdiolesale fashion from the thoracic organs and with 
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seeming total disregard of the most elementary precautions against 
pneumothorax and lung collapse — and yet u ith a phenomenal and 
unheard-of success The story of this extraordinary achievement as 
told by Pierre Duval, R LeFort, Depage and their many associates 
and colleagues serving in the French battle front, and more recently 
by Sir Berkeley Moynihan, for the British surgeons, is too familiar 
to all to bear repetition 

It was only last year at the New Orleans meeting of this association 
that Dr Meyer in his presidential address on the “Fundamental Princi- 
ples of Thoracic Surgery” and m the preceding year, at the Atlantic 
City meeting, and in other publications, has gone over this question 
most thoroughly, and with his acknowledged competence and authority, 
has shown the fallacy of accepting as final the conclusions and generali- 
zations based upon the experience on a single phase of the traumatolog) 
of the thorax, at least in their application to the entire domain of 
thoracic surger}^ 

THE PRESENT STATUS OF AIDED AND UNAIDED TRANSPLEURAL 
SURGER\ A CONTROVERSY AND A DISCUSSION 

The facts and the arguments presented by our former president 
against the unqualified and indiscriminate acceptance of the experiences 
of the war in regard to the benignity of pneumothorax and the super- 
fluousness and uselessness of all artificial aids to counteract the perilous 
effects of acute surgical pneumothorax (which we cannot be conMiiced 
are imaginary as some would have us believe) have been too recenth 
presented and are too familiar to all the members of this association to 
justify their repetition Suffice it to say that I would regard it as a veri- 
table calamity that would befall the progress of thoracic surgery if the 
experience of the war rvere to breed a contempt or indifference for the 
principles and the methods of differential pressure in warding off the 
perils of acute pneumothorax, or if the old practice of open, “unaided 
transpleural thoracotomy were accepted as a generalization, without 
reserve or very specific restrictions and limitations I would not trespass 
upon your indulgence by any further reference to the subject upon 
which most of us have settled convictions were it not that the present 
status of the “aided and unaided” transpleural surger}^ of the thoracic 
organs has been brought to a very pointed issue by a discussion uhich 
took place at the Societe de chirurgie of Pans, on the ninth of Februarr 
of the present year, which was precipitated by a paper on intrathoracic 
dermoids by MM Clerc and Pierre Duval in which the latter virtual!} 
threw down the gauntlet and challenged the advocates of differential 
pressure and respiratory aids to show any better, or as good results 
as he had obtained by the unaided transpleural open pneumothorax 
method without artificial help of any kind He referred to the aided 



118 


ARCHIVES OF SURGERY 


difterential piessure method as the “German method” and the unaided 
method as the “French method ” To this I take a serious exception 
for many reasons which I will consider later, but chiefly because the 
distinctions which he would establish on a basis of nationality rest on 
erroneous historic premises and a mistaken conception of the origin of 
the method which he calls “German ” 

In his enthusiastic advocacy of the “unaided” as compared with the 
“aided” or “physiologic methods,” Duval contrasts the condition of a 
patient operated upon by Garre for intrathoracic dermoid cyst of the 
mediastinum in 1914, in whom the tumor was removed by a trans- 
pleural thoracotomy under dififerential pressure, with the Tiegel appa- 
latus, and his own case which he then reported to the society He com- 
pares the behavior of the two patients during and after the operation , 
he shows that the pulse, blood pressure, and respiration were far less 
disturbed m his patient, upon whom he operated purposely without any 
respiratory aids whatsoever The patient operated on by Garre recov- 
ered after a stormy and protracted convalescence complicated by infec- 
tion and suppuration, the wound healing only after the end of four 
months, leaving a hernia of the lung at the site of the thoracotomy, 
while the wound in his (Duval’s) patient healed by first intention 
without leaving a permanent weakness in the thoracic wall Recovery 
had taken place without complication except for a serous eftusion of 
500 c c , which had yielded after one tapping, with the patient Avell 
enough to be up on the ninth day 

On reading the details of these two cases as they are given in Duval’s own 
text, It IS not quite clear how he arrives at the conclusion that the prompt 
healing and recovery of his patient and the protracted convalescence of the 
other are in any manner ascribable to the fact that Duval operated on his 
patient without artificial aids to respiration and that in the other case a differ- 
ential pressure appliance was used to counteract the effects of the pneumothorax 
There is no real analogy or parallel that can be fairly established between the 
two cases, as the conditions that influenced the postoperative course in both had 
no bearing on the question at issue, namely, the prophylaxis of pneumothorax 
While in no way minimizing or detracting from the brilliancy of results obtained 
by Duval with his technic — a merit to which we have been accustomed by his 
splendid record of achievements as a thoracic surgeon of unsurpassed experi- 
ence and superior skill — it does not appear that in drawing a parallel between 
these two cases he has been fair in throwing all the burden of reproach for 
the complications and protracted convalescence of Garre's case on the principle 
and the method of differential pressure adopted by the latter The two histones 
as given by Duval show that other elements quite foreign to the question of 
pneumothorax account for the discrepancies between the two cases A brief 
sMiopsis of the main facts is sufficient to show that the two operations had 
only two features in common, and that is that both were performed for medias- 
tinal dermoids and that botn of these cysts were sufficiently free from blended, 
dense adhesions to vital parts to permit of their complete extirpation In both 
the pleurae were opened wide In Duval’s case only the left pleura , in Garre s 
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both 1 ight and left pleurae were opened Garre’s patient, ten years older than 
Duval’s, had suffered from dyspnea for si\ years before the operation, pre- 
sumably from the encroachment of the cyst on the venae cavae and right side 
of the heart Duval’s patient was a woman who had only recently been disturbed 
by cardiac palpitation, but who was otherwise sound and in good health One 
was a right-sided tumor, the other left-sided In Garre’s case a large window, 
requiring a much more severe operation — the resection of four ribs — was made 
to enable the cyst to be extracted whole In Duval’s case only one rib, the 
fourth, was resected In Garre’s case the mediastinal cavity and the extra- 
pleural space were tamponed and a severe infection followed , m Duval’s case 
the wound was sealed hermetically without drainage and there was no infection 
The lesson that we gather from all this is that Duval was able to extract a 
collapsed cyst through one open pleura (left) without accident and complete 
success m spite of his total disregard of the pneumothorax — something which is 
fortunate, as it is not always that the pleura is opened so happily This success, 
however, does not detract from the method or the prudence of Garre, who 
provided against the accidental opening of both pleurae (as happened m his 
case) by operating under differential pressure Furthermore, there is no evi- 
dence to show that the use of the differential pressure apparatus in any uay 
complicated or contributed to the gravity of the operation 

What we do learn from Garre’s experience, as Professor Quenu remarked 
in the discussion, is that danger lurks in the tampon or pack when left in the 
wound of a transpleural thoracotomy, and the brilliant results obtained in his 
(Duval) case are due, apart from his skill in avoiding accidents, to the fortunate 
enucleability of the cyst and a freedom from dense attachments to its dangerous 
surroundings, to his economic treatment of the thoracic skeleton which limited 
the mutilation to the extent of one rib, thus creating a space through which he was 
able to extract the collapsed cyst with a minimum of trauma, and, finally, what 
IS most important, that he was able to close the wound hermetically, leaving no 
pack or dram to contaminate the bed of the cyst, m this way obtaining a primary 
healing of the wound and an escape from infection which was the chief cause 
of the complications in Garre’s case In other words, the real cause of the 
prompt recovery in Duval’s case is not, as he suggests, due to the fact that he 
did not use a differential pressure apparatus, or, to his deliberate disregard of 
every precaution against the possible dangers of acute pneumothorax, but to 
the freedom from septic complications, and the minimal trauma which his 
otherwise excellent technic provided 

While it would not seem fair to judge of the merits of the two 
great operative principles or methods that have been brought in contrast 
on the basis of so limited an experience, especially when we consider 
that so many confusing elements, which are foreign to the question of 
pneumothorax, are injected into the problem, we cannot overlook the 
fact that Duval has onl)'^ seized upon this case as a text for a renewal 
of his former attacks upon the aided methods of transpleural thorac- 
otomy In this instance, he utilized the extirpation of an intrathoracic 
dermoid to show that the principle of unaided open pneumothorax 
applies to the nontraumatic surgery of the chest — as this case exem- 
plified — as well as to the purely traumatic m which he has so great 
an experience and so just an authority 
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Commenting on a recent statement of Kuttner’s, in a chapter on the 
progress of thoracic surgery, in the well known “Operationslehre” of 
Bier, Braun and Kummel (1920), “that the suigery of the thoracic 
organs has made great progress in the last ten years, since we have 
learned how to overcome the dangeis of surgical operative pneumo- 
thorax,” he IS particularly sensitive to, and resents, the additional com- 
ment of Kuttner that “French suigeons still depend, eien now, upon 
progressive (unaided) pneumothorax, m their laigest mtrathoracic 
operations,” and practically ignores their recent contributions with 
scarcely a notice, though Kuttner adds “that their (French) results, 
however, are well worthy of attention ” 

Duval says that Kuttner merely I'oices the genei al German sentiment 
m criticizing the French in their attitude toward operative pneumothorax 
and in regarding as superfluous all measures that tend to prevent the 
collapse of the lung 

Duval objects to the method of difteiential pressuie which he desig- 
nates as “the German method,” sajing that it is cumbersome, compli- 
cated and superfluous though it appears to be ver}’- scientific, and 
he opposes to it the simple, open, unaided method which he 
designates as the “French method,” in which the pneumothorax is dis- 
regarded and lung collapse is actually invited He affirms that artificial 
aids to respiration are superfluous, that unilateral surgical pneumo- 
thorax IS attended with no special risk and that neither the heart nor 
the opposite lung is disturbed or incommoded by the acute collapse 
of the lung when these organs are normal or healthy, etc 

He contends that the latter method had given proof of its safety 
and efficiency long before the war m the hands of the French surgeons 
Bazy, Walther, Delorme, Delageniere, Marion, Poirier, and others too 
numerous to mention, and that during the wai this simple method 
alone had made possible the magnificent achievements in thoiacic surg- 
ery which had been accomplished by the French surgeons He asks 
“What have the aided methods contributed to the advancement of 
thoracic surgery by the Germans during the war^” 

“I have the conviction,” he says, “that the future of mtrathoracic 
surgery when confined to one half of the chest lies m the open unaided 
method of total pneumothorax I entertain the conviction that the 
best state of the lung for all the operations that may be performed upon 
it or within the thorax is the lung in the collapsed state The collapsed 
lung facilitates infinitely more than the inflated lung (under differential 
piessure) the manipulations and maneuvers that the technic may require 
The distended lung is in the way of the operator, it even tends to- 
herniate in the wound , it crowds the field, and it displaces and almost 
ejects out of the thorax all the means of protection that the aseptic 
technic requires ” 
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In the discussion that followed the reading of Clerc’s and Duval’s- 
papeis there was a quite general agreement among the members 
of the society who participated, that unilateial as distinguished from. 
bilatoal pneumothorax was a relatively safe surgical condition in the 
majority of the cases They believed that there was some advantage 
m dealing with the collapsed lung, but the approval of M Duval’s total 
rejection of the principle and method of differential piessure, espe- 
cially in operations which might involve the opening of both pleurae, 
was far from unanimous 

For instance, Tuffier, in speaking of the extirpation of mediastinal 
dermoids, said, “If the cyst is unilateral, it is amenable, as any other 
unilateral intrathoracic tumor, to a transpleural dissection through a 
free opening in the pleura That is a settled question, a ley ad judicata ~ 
but it would be an exaggeration and even an error to suppress or con- 
demn in an absolute fashion all the apparatus for differential pressure 
(baronarcose) which are calculated to keep up the respiration when 
the pleura is opened ” He closed by saying that “in the immense major- 
ity of cases, a free large opening of the pleura is the best method of 
extirpation and intervention on the lung and mediastinum , but m certain 
exceptional cases in which there is risk of opening the two pleurae. 
It IS necessary to have in readiness and to resort to differential pressure 
On this point, I protest against the absolutism of Clerc’s and Duval’s 
conclusions ” 

I fear I have trespassed upon your indulgence by engaging }our 
attention in a foreign controversy which, notwithstanding its strictly 
scientific character, is tinctured with some of the acrimony engendered 
by the bitterness of the great conflict from which we have just emerged 
But the question brought up by M Duval at the Societe de chirurgie 
IS one which, as M Tuffier well stated, involves the whole history and 
development of intrathoracic transpleural surgery, and as such rises 
above all personal feelings or national prejudices As an association 
organized in the interest of thoracic surgery, it concerns us directly 
and vitally Therefore, this seeming digression is justified not only 
because of its bearings upon our special work, but because it is our 
duty to seek the truth and disentangle it as dispassionately as possible 
from the mass of cuciimfusa that encumber it 

To begin with, M Duval has placed the methods of aided respiration 
or differential pressure in opposition to the “unaided,” by designating 
the former as the “German,” and the latter, as the “French,” method 
To those of us, who, like myself, have followed assiduously the history 
of thoracic surgery, before and since what might well be called its- 
lenascence in the middle nineties and who have been nourished and 
inspired by the great masteis of French surgical thought, this distinc- 
tion would seem most regrettable and unfortunate, because no matter 
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how much the experience of the war has altered the convictions of M 
Duval and his associates in regard to the value of the aided or unaided 
methods of respiration m thoracic surgery, he can scaicely be oblivious 
of the fact that the methods of differential pressure which he designates 
as “German” had their origin m France and in the very heart of the 
society which he was addiessing A quarter of a century has elapsed 
since Tuffier and Halhon (November, 1896) and Quenu and Longuet 
(December, 1896) reported the results of their independent, but con- 
temporaneous, experimental investigation of the methods of preventing 
and counteracting the dangers of acute surgical pneumothorax by 
creating adhesions and especially by vaiious methods of differential 
pressure, but I vividly remember the keen interest and enthusiasm then 
aroused m me by these two epochal contributions They were, indeed, 
the seed from which germinated the budding of a new surgery m the 
decade that followed Tuffier and Halhon, by utilizing the physiologic 
methods of the laboratory, gave us an illuminating and impressive insight 
into what could be accomplished m the exploration and treatment of 
thoracic lesions by maintaining the functions of the lung with the help 
of plus pressure by intralaryngeal insufflation, and Quenu and Longuet 
formulated the piinciple of differential pressure, and by numerous 
experiments with compressed air as a continuous pins pressure atmos- 
phere, without insufflation, opened the w^ay' to the methods of 
hyfpopressure and hyperpressure, which years after (1904-1906) devel- 
oped into the atmospheric plus pressure (head chamber) of Brauer and 
the minus pressure (body) chamber of Sauerbruch While the impor- 
tance of these methods as applied to dogs has been denied in unilateral 
pneumothorax in man, the fact remains that they’- are the corner stone of 
the foundation upon which the vast superstructure of modern intra- 
thoracic surgery and its ancillary branches has been built And this fact 
is fully admitted by the Germans themselves ^ 

It IS, therefore, not surprising that M Tuffier w’ho opened the dis- 
cussion should have protested “against the absolutism of the conclusions 
of MM Clerc and Duval”, nor, could it be expected that M Quenu, 
who had contributed so largely and so ably to illuminate the problems 
of pneumothorax, should remain silent or fail to remind the society (as 
he did very briefly but pointedly) that “the idea of hyperpressure and 
hypopressure in its application to thoracic surgery was born here, in 
France, and not in Germany, and Tuffier and I conceived it at the same 
time ” 

Furthermore, it would also seem unfair to exclude, by the specific 
label “German,” all the workers of other nationalities who have con- 
tributed so laboriously’- to the study and elaboration of this originally 

3 Garre, C, and Quincke Surgery of the Lungs, Ed 2, Tena, Gustav 
Fischer, 1912 
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French conception long before the Germans took it up on their own 
account and made it, with their characteristic enterprise, the object of 
their special culture I must confess to a special personal interest in 
this phase of the question, because as a pioneer worker in this field at 
a time (1897) when even the term “differential pressure” had not yet 
found its application m the surgical vocabulary, I had occasion to inquire 
into “the history of the methods of mtralaryngeal insufflation for the 
relief of acute surgical pneumothorax ” As the result of my investi- 
gation, which appeared in se\ eral publications,^ I learned that the names 
of Pean, Tuffier and Halhon, Quenu and Longuet, and Doyen, of Pans , 
Lambotte and Wolhez, of Brussells, and H Milton of Cairo stood 
foremost m the list of historic pioneers who first conceived and applied 
the idea of differential pressure for the relief of surgical pneumothorax 
Pean, Lambotte, Tuffier and Doyen and Milton operated on the human 
subject Apropos of Milton I am reminded that after experimenting 
successfully on goats with the tracheal insufflation for the relief of 
traumatic pneumothorax, he operated on an Egjptian fellah who had 
extensive tuberculosis of the sternum and mediastinal glands He 
sawed the sternum in half by median incision and b} spreading the tu o 
halves obtained a wide opening of the mediastinal space which peimitted 
an easy exposure and manipulation of the trachea and of the vessels 
at the root of the heart, the innominate, pericardium, bronchi, lungs 
and pleurae This operation is the parent of the various midsternal 
thoracotomies of which the Duval-Barasty “median thoraco-abdominal- 
pericardiotomy” which I described at the New Orleans meeting of this 
association in July, 1920, is the perfected type Milton’s experiments on 
the goat had led him to fear the dangers of pneumothorax and for this 
reason he performed this operation (for the first time m human surgery) 
under the protection of tracheal insufflation {phis pressure) anesthesia, 
and saved his patient Duval, also, by his notable modification of this 
procedure, succeeded, in 1918, in extracting a moving projectile from 
the inferior vena cava at its junction rvith the heart and thereb)'^ achieved 
one of the most brilliant and unique exploits recorded in thoracic sur- 
gery He did not resort to pulmonary insufflation or differential aids, 
but in describing his operation, he lays stress on the advantage of his 
mediosternal section over the lateral transpleural thoracotomies, from 
the fact that by a median incision the pleura is avoided, pro\ mg by this 
that, notwithstanding his confidence in the transpleural methods which 
he advocates so vigorously he still regards pneumothorax as an unde- 
sirable complication to be avoided when possible 

4 Matas Rudolph Tr Louisiana State IM Soc, Ma\ 10, 1898 Ann Surg 
29 409, 1899, Intralanngeal Insufflation J A M A, 34 1371 (Tune 2) 1900 
con’d ibid 34 14(58 (Tune 9) 1900 Tr Am Surg Assn Ma\ 1901 

5 Duval, P Presse med 2G 437 fAug 29) 1918 
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RESPIR4T0R\ ‘ ^IDS” ^ND METHODS OF 0\ ERCOMING THE EFFECTS 
OF COLLAPSE OF THE LUHGS, GREATLY SIMPLIFIED 

Resuming the historical phase of this question, we find that if we 
add my several contributions (1898-1901) and those of F W Parham 
and J B Muiphy (1898) to those of the initial period in the history of 
aided tianspleuial surgery, as American contributions, we will have 
grouped together a senes of closely related experimental and clinical 
facts and deductions which, originating m France, Belgium, Great 
Britain and America at the close of the last century, gave the signal 
and actual start to the international race for the systematic and 
scientific imasion of the thorax nhich characteiized the decade that 
followed 

It Avas not until 1904 that undei the stimulus and encouragement 
of Mikulicz who was then especiall} concerned with a safe mode of 
approach to the thoracic esophagus, Satierbruch and Brauer indepen- 
dently invented their plus and minus appliances based upon the princi- 
ples of dififerential atmospheric piessure as distinguished from rh)fthmic 
pulmonary insufflation which had been utilized by the previous operators, 
except Pean, M'olhez and Quenu, up to that time Coincidentally with the 
innovations of Sauerbruch and Brauer, F Kuhn of Cassel (1904) had 
elaborated the simple method of diiect mtralaiyngeal insufflation which 
I had first suggested and applied m New Oi leans with the Fell-O’Dwyer 
apparatus, in 1889 In this way three distinct methods of overcoming 
the collapse of the lungs came m AOgue, which led to a great variety and 
complexity of apparatus These multiplied with prodigious rapidity in 
Germany and spread thence to every important surgical clinic of the 
woilcl You are too familiar with the history of this great movement,, 
which at one time overran the literature witli its feverish activity, to 
warrant my detaining you with any detailed account of its progress- 
Suffice It to say that m an endeavor to impiove and perfect these 
auxiliaries to respiration, a large body of important new data on the 
mechanics physics, physiology and anatomy of the respiratory organs 
and function rapidly accumulated Avhich hac'e remained as enduring" 
acquisitions to thoracic surgery 

While Germany was the greatest centei of activity during this 
period, the Avorkers of other nations were no laggards in the race In 
Belgium the original laryngeal intubation and insufflation of Lambotte, 
and the Spirophore of Wolhez foi negatiA^e piessure (which had sug- 
gested the negatiA'^e pressure chamber of Sauerbruch) were succeeded 
by the apparatus of Mayer and Dannis, Avhile Depage and Willems were 
experimenting with this and othei models In France, Doyen designed 
an entirel)'^ neAV plus pressure apparatus Avhicli had supplanted his 
original compound bellows of 1896 Vidal and Pierre Delbet had 
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added new and ingenious plus pressure appliances, while Tufifier w^as 
indefatigable in trying and comparing the most important foreign models 
in his clinic at Beaujon Debajre, Gosset and Guibal w^ere also busy 
with others, discussing the pros and cons of the new'^ methods In the 
United States, wdiere ever}'^ new thought and every lmpro^ement that 
may contribute to the advancement of suiger} by adding to the safet} 
of Its methods and by expanding its practical usefulness is w’^elcomed, 
many progressive surgeons instantly seized with a\idit}, and put to the 
test of experiment and actual clinical experience, the new inventions 
which had found a practical expression m Germany The mere mention of 
the names of Samuel Robinson, F T Murphy, of Boston Willy Mever, 
Nathan Green, H H Janew^a), Draper Maur}, of New'^ York, Willard, 
Dorrance, Babcock, of Philadelphia, J B Murphy, Chicago Crile and 
Sollmann, of Cleveland, Dudley Tait, of San Francisco, and Ma^as 
Parham, Smyth and Allen, of New'^ Orleans recalled at this moment, 
among others too numerous to mention, suffice to show the wide interest 
felt in this subject throughout the country Many here present 
remember the memorable symposium on surgical pneumothorax at the 
meeting of the surgical section of the American Medical Association at 
Chicago, 1908, at wdiich I had the honor to preside and in which 
Sauerbruch himself led the discussion by demonstrating his negatne 
pressure chamber, with J B Murphy, Willy Meyer, Crile, Samuel 
Robinson, Green, Janew^ay, and Maury, as prominent participants and 
can tell how earnestly^ and liberally the surgeons of this country' shared 
in the world-wide interest loused by this new' phase of thoracic surgery 

But in 1910, a new' note was heard iihich rose out of this great 
bustle of activity, w'hen Meltzer and Auer by' their experiments at the 
Rockefeller Institute demonstrated the simplicity and security' afforded 
by their new principle of pulmonary' ventilation by continuous intra- 
tracheal insufflation, w'lthout respiratory movements or rhy'thmic dilata- 
tion of the lungs Though the discovery' of this revolutionizing principle 
had been foreshadow'ed by' Volhard and Kuhn (1905) in Germany' and 
Sollmann and Robinson m this country (1907-1908) the demonstrations 
given by Meltzer, Carrel and Elsberg at the Rockefeller Institute 
created a profound impiession w'hich soon echoed all over the surgical 
world 

Between 1910 and 1914 the literature was again flooded with 
descriptions of new appliances apparatus experiments and discussions 
which were contributed not only' by surgeons but by profesMona! 
anesthetists w'ho had become deeply interested in the anesthetic side of 
insufflation as a part of their own province Improved models and 
methods for meeting the double requirements of anesthesia and 
respiration vv ere brought out b^ Elsberg Boothbv and Cotton Robin-'on 
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Quimby, Ehrenfned, J R Rogers, Pratt, Gwathmey, and especially by 
H H Janeway, and others too numerous to mention, in this country 
alone These inventions gave a permanent stability to the principle of 
differential pressure by continuous insufflation and greatly simplified and 
extended its application 

With the advent of the Meltzer and Auer method in 1910, it may 
be said that the mechanical ingenuity and inventiveness which had 
been previously displayed in dev'^eloping the expensive, complex and 
fixed apparatus of the so-called cabinet t>pe, began to lag and the 
technic of thoracic surgery entered into another phase in which pul- 
monary v'^entilation with compressed air or oxygen delivered from 
bellows, tanks, or by electric motors, into the trachea by intralaryngeal 
or nasopharyngeal insufflation, or, more often, by simple, close fitting 
masks, rapidly supplanted the more complex methods of differential 
pressure These simple portable methods which Dr Robinson has so 
long advocated can now be easily made a part of any of the several 
gas-ether-oxygen sequence anesthetic outfits that are m common use in 
any of the clinics of the country where an intrathoracic transpleural 
operation, such as we have in view, is likely to be undertaken 

We have now^ reached a stage in the evolution of our methods of 
pneumothorax prophylaxis in thoracic surgery against which the objec- 
tions raised by M Duval and his follow’ers are no longer valid The 
methods that we employ today are not complex, cumbersome or 
expensne, the}'- are virtually a part of the anesthetic outfits wherever 
a modern gas-ether-oxygen sequence apparatus is used, which is almost 
equivalent to saying that it is an adjunct to any well equipped operating 
room in this country And the argument upon which so much stress 
has been laid, that these aids to respiration intei fere with the collapse 
of the lung, a condition that is so advantageous for the operations of 
intrathoracic surgery, no longer holds good in the presence of the simple 
methods of tracheal, or intrapharyngeal, aeration in which the lung is 
held practically flat and still, and is only inflated as desired at the close 
of the intervention when the lung is allowed to All the pleura ® 

6 Dr Howard Lilienthal of New York, m relating his experiences with 
anesthesia in thoracic surgery in the war zone, at the Symposium of the Ameri- 
can Association of Anesthetists, Atlantic City, N J, June 9-10, 1919 (JAMA 
73 444 [A.ug 9] 1919), relates how an apparatus of elementary simplicity was 
improvised by which ether anesthesia and the continuous ventilation of the lung 
could be maintained by providing a flow of air, preferably from a foot bellows to 
pass through an ether container, m varying quantity, to be carried to the patient s 
pharjmx by means of a nasal tube or catheter, after a preliminary ether anesthesia 
m the usual waj' “At first it was doubted that endopharyngeal insufflation would 
suffice for intrathoracic surgerj^ , but it was soon found that the amount of pres- 
sure that could be maintained within the pharynx was quite sufficient to keep the 
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THE NEED AND VALUE OF ARTIFICIAL AIDS TO RESPIRATION 

SUSTAINED 

And now that we have disposed of these collateral objections let us 
take up the real question at issue Are the artificial aids to respiration 
in acute open surgical pneumothorax really necessary or advantageous 
as a measure of safety and protection to the patient 7 Are the fears we 
have entertained and the accidents against which we have labored so 
intensely and industriously in the last quarter of a century, a mere 
fancy, an illusion and a myth 7 The mere statement of such a question 
would imply a doubt that is incompatible with the accumulated testimony 
of succeeding generations of surgeons whose records of catastrophes 
and narrow escapes have given dramatic thrills to so many episodes in 
the history of thoracic surgery 

Nor IS such a sweeping denial of the value of the mechanical aids to 
respiration and operative pneumothorax, as has been indulged in by the 
partisans of unaided transpleural surgery, compatible with the opinion 
that the dangers and accidents that lurk in the pleura are imaginary and 
chimerical when the operations are limited to only one side of the thorax 

Even M Duval has rectified his position by admitting in a later 
communication that m every thoracic operation that risked the opening 
of both pleurae differential pressure would be necessary This admission 
suggests that at least some progress has been accomplished by the 
methods of differential pressure 

The controversy is, therefore, limited to umlatcial pneumothorax 
which he contends is so innocent and benign m its effects that it should 
be considered an advantage rather than a complication Let us now 
inquire into this benignity, upon which the disregard of all respirator)’’ 
aids IS based and on account of which we are advised to return to the 
old unguarded methods of open thoracotomy 

In 1898 Quenu and Longuet," after an alarming personal experience 
in thoracotomy, carefully investigated the phenomena of acute pneumo- 

lungs in anj state of inflation desired This was the method of pharjngeal insuffla- 
tion anesthesia which he has adopted and has applied so successfully in his 
recent and notable case of intrathoracic-transpleural resection for carcinoma 
of the esophagus (Proc Am Surg Assn, Toronto, June, 1921) In m\ thoracic 
practice and m operations of the face and mouth, I ha\e depended for some 
time evchisueh upon the continuous insufflation of the pharjnx with a stream 
of gas-oxygen (with or without ether) delucred under regulated pressure from 
the tank of a ^McKesson (Toledo, Ohio) anesthesia apparatus in the hands of 
mj expert anesthetist Dr Came In manj thoracic cases a tighth fitting 
gas mask will suftice, but tbe continuous \entilation of the plnrjnx through a 
nasal catheter is so simple and satisfactorj that the intratracheal method is now 
rarelj used 

7 Quenu and Longuet Re\ de chir 18 1898 
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thorax as they had been observed in tianspleural operations for the 
resection of tumors of the thoracic skeleton They collected and tabulated 
all the available cases recorded in the literature and classified them into 
three gioups (1) cases marked by little or no disturbance when the 
pleura was opened, (2) cases presenting only moderate disturbances, 
(3) cases showing quite stormy manifestations and threatening life 
This class T..OU was adopted by Parham (1898), who added his own 
and other cases to the list, giving one allotment of sixteen for the first 
group, ten to the second, and fifteen to the thud There i\ere in all 
fort} -one cases in which operation was performed and in which more 
than 60 per cent showed some symptoms, of which 36 per cent were 
alarming and critical Gerulanos’ statistics published at the same time 
(October, 1898) yielded the same conclusion and conveyed the same 
impression (neail)'' 31 per cent of alarming cases) All but Parham’s 
second case, m which respirator} and circulatory disturbances were 
promptly relieved by insufflation with the Fell-O’Dwyer appaiatils 
were nmlateial thoracotomies performed before the days when artificial 
pressure or respiratory aids had come into surgery These thora- 
cotomies were performed in the at}pical way required by parietal 
tumors, and intentionally oi accidentally caused an open pneumothorax 
with complete oi partial collapse of the lung The technic was m effect, 
and, so far as the pneumothorax was concerned, identical with the free 
and open practice which M Duval designates as the "French” method, 
but which in reality has no claim to any national distinction since it was 
the only procedure available to surgeons and was the universal prachce, 
as a procedure of necessity Yet it is with this procedure, beginning in 
1818 with the classic case of Richerand, that the traditionally evil repu- 
tation of operative pneumothorax with the collapse of the nonadherent 
lung IS so tenaciously associated And it is in this type of unilateral 
pneumothorax that the various emergency devices for the relief of the 
alarming and critical manifestations exhibited by more than 36 per 
cent of these cases originated If the acute collapse of the lung caused 
by the surgical opening of the pleura is so benign that it is now not 
only disregarded, but is actually invited (Duval, LeFort et al ), why 
have so many operators been compelled to interrupt hurriedly their 
operations by immediately closing the external opening with the first 
expedient that came to hand — the operator’s hands, a towel, gauze packs, 
the nearest skin or muscle flaps, or by hermetically suturing the wound ^ 
It is m this way that the practice of making traction on the lung and 
anchoring it to the opening m the chest to obturate it, or to suture it to 
the parietes originated and for which the picturesque word amanage 
IS now classical in French texts, and the more pretentious term of 
costopneumopexy was devised Again others m similar distress, like 
Witzel, have found relief m filling the pleura with water or temporarily 
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stead} mg the mediastinum with foiceps until the pleura could be closed 
Why did Lawson and Dollinger make it a practice to create a pre- 
liminary “preparatory” pneumothorax by injecting air into the pleura 
on the eve of a transpleural thoracotomy and why did Tuffier prefer 
an CA'/; apleural decollement m order to excise the apex of a tuberculous 
lung so many years ago, and how did the o? ? lei e point of ^oux originate, 
and so many other means and measures which were acl\uv d twenty- 
five years ago to create adhesions ? The fear of pneumothorax nmited 
Bazy’s earl} attempts at exploration (1895) to an opening which barely 
admitted the finger, '‘boutonmei e exploiatnce” 

Even Delangeniere, who m 1902 advocated the exploration of the 
pleura by transpleural thoracotomy without any preliminary precautions, 
was very cautious m advising his special technic which would allow the 
gradual entrance of air and which provided a flap which would permit 
immediate closure of the opening m the event that alarming symptoms 
should occur in the course of the exploration And now we are told, 
m complete reversal of all the old teachings, that the larger the opening 
and the more free the pneumothorax the safer the thoracotomy Of 
course, it will be said that all this is ancient history and that the great 
fear of the pleura is analogous to that dread of the peritoneum which 
for so many centuries barred entrance to the abdomen But the analogy 
IS not the same, for when the aseptic key came to our possession the 
lock of the abdomen quickly yielded and surrendered all its mysteries , 
but asepsis has not opened the gates of the thorax so widely, and they 
still creak on their hinges when we pry them open While admitting 
that pneumothorax is by no means the only impediment to the surgical 
mastery of the thorax, the analogy between the pleura and the peri- 
toneum fails in the presence of the incontrovertible testimony of 
surgical history and experience that m a certain undetermined per- 
centage of transpleural thoracotomies, the mere act of opening the 
pleura followed by the collapse of the lung, has proved profoundly 
disturbing and e\ en fatal No one denies that innumerable transpleural 
thoracotomies have been, and are being, successfully performed vith 
the lung 111 complete collapse That is being done every dav m the 
routine of surgical treatment of the pathologic pleura which has been 
immunized by pieexistmg trauma, infection or disease 

Every one knows that a large percentage of patients with thoracic 
disturbances that come to us for operation tolerate intrapleural and 
pulmonary and operative procedures with relatne impunit} or with such 
tlansltor^ disturbances that the pneumothorax per se can scarcely be 
regarded as a complication This has been universally admitted e\en 
b} those who are most prommenth identified with the ad\ocac\ and 
practice of difteiential pres^'iire For example Garre® who is so 

8 Garre and Quincke Footnote 3 
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severely criticized by Duval, states, in his “Surgery of the Lung,” 
that he has performed the greater number of his operations on the 
lung without any auxiliary apparatus and reserves the artificial appli- 
ances for certain operations m which, apart from a bilateral invasion 
of the pleurae, he regards them as indispensable There is quite a leap 
between this attitude and a denial of all risk in unilateral pneumothorax 
It does not mean that the normal nonadherent pleura can be opened 
freely and sufficiently to explore thoroughly and manipulate the thoracic 
contents with impunity, or that accidents never happen, or, that when 
they do happen it is so rare an occurrence that they may be regarded 
as a negligible quantity in the problem 

M Duval bases his changed attitude toward differential pressure 
aids to his war experience Indeed, no one has greater reason to be 
proud of his record in the surgical treatment of war wounds of 
the chest No surgeon who has read his fascinating book on “The Wai 
Wounds of the Lung” which has immortalized the achievements of the 
French Auto-chirurgicale, No 21, while serving with the allied armies at 
the Somme, can fail to admire the daring and the skill which he displayed 
in dealing with the bleeding wounds of the lungs and in the extraction 
of contaminated projectiles by approaching them systematically through 
a free and open thoracotomy Through his surgical leadership, French 
surger}'’ can be credited with the initiative in lifting the military 
surgery of the lung for trauma, fiom the bed of unapproachable 
exclusiveness, in which it had been lying before the war, to a plane of 
actual practical efficiencj which had been denied it oi kindly conceded 
before this time “ 

But the success of the open transpleural operation in the emergencies 
of war, when applied to a bleeding lung compressed by a vast hemo- 
thorax or a traumatic pneumothorax, does not necessarily prove the 
benign character of acute pneumothorax when the normal, uninjured 
pleura is opened, and acute collapse of the lung is deliberately induced 
as a preliminary to an intrathoracic operation Neither does the 
delayed extraction of retained projectiles in the lung or mediastinum 
signify — no matter with what success this may be accomplished — ^that 
the operation is without risk or danger from the collapse per se Even 
here we find that the experience of the war surgeons was divided on 
the importance attached to the free opening of the pleura Surely 
there is a great difference in this regard when we compare the technic 

9 To visualize the transformed attitude of surgery toward the traumatisms 
of the chest, compare the experiences related m Duval’s “Surgery of the 
Lung” (1918) with the conservative views expressed, with characteristic elo- 
quence, by Reclus at the French Congress of Surgery m 1895 (Paget, Stephen 
Surgery of the Chest, 1896, p 443) 
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of Pettit de LaVilleon who, through a small thoracic incision (barely 
large enough to admit the narrow blades of a forceps), penetrates the 
chest m search of the retained missile, and that of the operators who 
attack the problem through a large open fenestra It would seem that 
in avoiding an open pneumothorax by this cautious incision, de LaVil- 
leon, whose experience outclasses in numbers and success all other 
competitors m this field, regarded the free opening of the pleura as an 
added complication But to come closer to the present discussion, did 
not Okinczyc state m the debate at tbe Societe de chirurgie, following 
the reading of Duval’s paper, that while he recognized the “habitual 
mnocuousness” of operative pneumothorax and agreed that it greatl) 
simplified mtrathoracic surgery, as he had practiced it during the war, 
he, nevertheless, had seen very serious accidents happen which he did 
not attribute to the entrance of air into the pleura but to a reflex 
syncope of mediastinal origin which followed upon contraction of the 
collapsed lung A patient died under his eye from syncope at the very 
moment that he was maneuvering to exteriorize the lung The interpre- 
tation of this occurrence would have seemed doubtful if he had not 
seen the same fatal accident occur in the hands of one of his assistants, 
in two other cases, and at the precise moment when traction was made 
on the lung to exteriorize it 

On the other hand, M Quenu promptly rose to disagree with 
Okinczyc m believing that syncopal accidents which occur after the 
opening of the pleura are due solely to the displacement and traction 
of the lung “I once witnessed,” he said, “a sudden death following a 
simple puncture of the pleura with the needle of the Potain aspirator, 
by a colleague, who, by mistake, had injected air into the pleural cavity 
instead of aspirating it ” 

And in this we see the seeming contradictions of experience On 
the one hand, traction on the collapsed lung has been long held as one 
of the surest ways of relieving the asphyxial and syncopal phenomena 
of pneumothorax , and on the other, instant death seems to have follow ed 
this procedure Thus, another lesson is taught to the profit of caution 
in accepting sw^eeping generalizations based on the contradictory facts ol 
experience 

Those wdio entertain any doubts as to the reality of the accidents 
of all degrees of gravity, including man)"^ deaths which ma} follow the 
intentional creation of an artificial pneumothorax will do w'ell to read the 
recent exhaustive review^ of the evidence collected by Dr Karl Schlaeji- 
fer,^® formerly of Zurich, now’ of Baltimore hile this essa} deals 
chiefly w’lth the accidents w’hich follow’ the induction of closed artificial 
pneumothorax for therapeutic purposes the nature of the'^e .iccidcnts 

10 Schlaepfer, Karl Ergebn d Chjr u Orthop 14 1921 
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and the manner of their occurrence have a direct bearing upon the 
untoward effects that have been so frequently observed in transpleural 
operations 

What we have learned with a wider and increasing thoracic experi- 
ence in the last twenty years, and especially since the war, is that the 
number of patients who tolerate intrathoracic operations with relatne 
impunity is, no doubt, greater than the older and more limited 
experience had led us to believe It is also piobable that the impressions 
gathered from the fatality of unilateral pneumothorax m laboratory 
animals, especially dogs, had considerab^) magnified its fiequenc} and 
importance m human surgery But these conditions and concessions 
upon which we all agree do not detract from the indisputable fact that 
accidents and fatalities do occur when the pleura is opened m man 
u hether on one side or both Whatever the interpretation of these ma} 
be whether central, reflex, inhibitor), or due to the instability (flutter) 
of the mediastinal septum or air embolism, it matters not The 
fact remains that a certain undetermined, and, thus far, undefinable 
percentage of the patients uho are subjected to transpleural operations 
are susceptible and liable to untoward and dangerous manifestations 
which put their lives in jeopard} As our distinguished fellow. Dr 
Robinson, once said m contrasting the different susceptibilities of the 
dog and rabbit to pneumothorax, “We never can tell when ue are 
going to open a thorax of the dog or of the rabbit t}pe in human 
surgery ” 

The present surgical situation in the thorax may be compared to 
that of the operator who faces a tumor or an aneurysm vhich ma} 
require the ligation of the common carotid artery We knou that the 
large majority df patients sur\ne without serious cerebral accident or 
none at all, yet we also know that in a certain percentage, sa} 10 per 
cent , and more, m mature life, the operation will prove fatal or perina 
nentl} disable the brain, hence our solicitude and anxiety to test when- 
ever possible, the tolerance of the brain to a diminished circulation, b} a 
provisional or tentative occlusion of the common carotid arter} And, 
in a similar way, when facing an open transpleural thoracotomy ne\er 
kno-wmg wnth certainty how the patient -will behave Avhen the pleura 
IS opened, why should we not anticipate a possible emergency and 
protect the patient by the simple means of respiratory aid that are now 
at our command^ 

CONCLUSIONS 

1 In view of the contradictory facts of clinical experience and the 
impossibility of predicting m any case what the pleuropulmonar} reac- 
tions wnll be when the normal, nonadherent pleura is opened and the 
collapse of the lung takes place, it is only right that m any contemplated 
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intrathoiacic operation m which a unilateral or bilateral pneumothoiax 
may occur, precautions should be taken to forestall the accidents that 
may attend this condition 

2 The difference between this attitude and that taken by the oppo- 
nents of differential pressure or aided respiration is that they believe that 
there is only risk in bilateral pneumothorax and none whatever m the 
unilateral It is on this point that we differ and take issue with them, 
because it is undeniable that in a certain, but undetermined, percentage 
of cases, the opening of one pleura may be attended by alarming or 
e^en fatal manifestations 

3 To protect the patient against these unknown but possible dangers, 
the simplified methods of plus pressure ventilation of the lungs on the 
Meltzer-Auer principle are the safest and best for general use \Yhether 
by the usual anesthetic face mask, by intratracheal intubation, or, pref- 
erably, by nasopharyngeal catheterization (the simplest and safest 
method), the requirements of anesthesia and pulmonary ventilation are 
combined in the gas-ether-oxygen sequence appliances, now in current 
use in almost every surgical clinic of this country These deliver a 
steady stream of the combined or simple gases under a regulated plus- 
pi essure sufficient to maintain the respiratory function of the lung 
during anesthesia 

4 The objections on the score of expense, complexity, and cumber- 
someness that have been urged against respiratory aids in thoracic 
surgery are no longer tenable, nor does the special objection to “the 
inflated lung” as an obstacle to the intrathoracic technic hold good in 
view of the perfect control, at the present time, of the mo\ements of 
the lung and of the maintenance of the respiration in spite of the 
collapsed state 



THE NEGATR^E CHAMBER IN OPEN 
PNEUMOTHORAX 

A PERSONAL EXPERIENCE 

WILLY ]\IEYER, MD 
'\ttending Surgeon to the Lenox Hill Hospital 

NrW X ORIv 

Open pneumothorax is the complete, sudden collapse ot the 
lung which mevitabl}' occurs when an operation requires the x\ide 
opening of the chest wall, in the absence of adliesions between x isceral 
and costal or diaphragmatic pleura, or when an attempt is made to 
dram the chest after the method employed in other parts of the bod) 
The importance of preventing this ph}'sical phenomenon was full} 
realized by Dr Matas more than twenty years ago, when, as one of 
the pioneers m the field of thoracic surgery m America, he had his 
assistant, Dr Parham of New Orleans, excise a tumor of the chest uall 
with the help of a diffeiential pressure apparatus, the Fell-O’Duiei 
combination, as modified b) Matas 

Ever since that time, open pneumothorax has been a topic for 
discussion Our association considered it, at the second annual meet- 
ing, in 1919, when the president’s addiess, which dwelt on the subject, 
was followed by a biief discussion An afternoon devoted to the sub- 
ject should perhaps enable us to arrive at a definite undei standing of 
the first fundamental principle of thoracic surgery which it contains 
The topic will be reviewed from all the possible angles, it seems to 
me, if we discuss it from the following points of view (1) the physical 
aspects of open pneumothorax , (2) the dangers for the patient from 
open pneumothorax (3) the means at hand for avoiding these dangei^ , 
(4) the advisability or inadvisability of peifoiming thoracic opeiatioiis 
\\ ithout such means 

I consider the first, second and fourth points settled ^ 

As regards the first point, the physical aspects of open pneumo- 
thorax, I accept as correct the statement that the dangerous features 
of the open pneumothorax — acute collapse of the lung — are due piinci- 

* Read before the fourth annual meeting of the American Association for 
Thoracic Surgerj^ Boston, June 6, 1921 

1 Cf Meyer, Will} The Necessity for the Application of Differential Air- 
Pressure in Thoracic Operations, Med Rec 96 677 (Oct 11) 1919, The 
Principles Underlying the Safe and More Rapid Evolution of Thoracic Surger\, 
•\m J M Sc 109 504 (Oct) 1920, Fundamental Principles of Thoracic 
Surgerr , Med Rec 99 593 ( ‘Vpril 9) 1921 
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pally to the unbalancing of the mediastinum, which is restored and 
rendered haimless by the application of difterential air pressure 

As regal ds the second point, the dangers for the patient from open 
pneumothorax, I believe them to be real dangers, whether occurring 
during or subsequent to the operation Therefore, the surgeon should, 
for the best interests of the patient, be prepared in every instance to 
avert these dangers 

As regards the fourth point, the performance of thoracic operations 
without such preparation, I believe that occasional success in an intra- 
thoracic operation performed with no special apparatus, and the work 
done without apparatus by many of our colleagues during the world 
war, should carry neither them nor us away in our deductions It must 
be emphasized again that the experience gathered during the war was 
more or less confined to the traumatic chapter of thoracic surgery, to 
what in times of peace would be called emergency work The patients 
of our colleagues who worked at and behind the front during the war 
almost without exception represented the flower of the manhood of 
America and other nations, young men, robust, hardened by drill, 
trained to endure hardship Even these selected men had already been 
culled over, the most se^ erely wounded and the weaker of those receiv- 
ing chest wounds having died on the battle field About 50 per cent 
of the chest cases thus dropped out, and the remaining 50 per cent 
must have been toleiant of the open (or temporarily closed) hemo- 
pneumothorax already established, when they reached the hands of 
the surgeon 

In times of peace it is, apart from accident, mostly the weaker, the 
enfeebled human beings whom we are called on to save, with plenty 
of time, ordinarily, for careful individualizing, and with the patient’s 
safety as the primary law 

War surgery and peace surgery of the thorax appear to stand apart 
111 their attending circumstances, and I can see no justification for 
transferring experience from one to the other without the most pains- 
taking sciutni) In peace, every case of mtrathoracic advance calls 
for careful prepaiation Only thus can danger incurred on entering a 
“virgin pleura,” a pleural canty iMthout anj adhesions as well as the 
dangers of postoperatue acute pneumothorax in case of open drainage 
be met with prospects of success 

In considering the means at hand for a\oidmg the dangers con- 
nected with open pneumothorax, I select from the four well-known 
useful methods now at our disposal for rendering mtrathoracic surger\ 
just as safe as surgical work m am other part of the bod\ , the negatue 
pressure chamber It was the negatue chamber which ushered m the 
sk\ rocket-hke adxaiKc of the late‘^t and last chapter of operatue sur- 
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gery, and, but for the intense and fiequent careful obser\ation of the 
work done within the negatne chamber, while it was temporarily in 
use at the Rockefeller Institute, by our first president, Dr Meltzer, he 
might never, or perhaps not so soon, have applied his e\ er-fertile mind 
to the solving of the problems of thoi acic surgery 

I feel It incumbent on myself to speak here of the negatn e chamber, 
because, to my regret, the Lenox Hill (formerly the German) Hospital 
of New York City has lemaiiied the only hospital in America that 
possesses such a chamber, and, therefore, practically only I and those 
who have worked with me in it, can report experiences in its use, which 
I shall submit to you briefly 

The negative chamber of the Lenox Hill Hospital is a perfect piece 
of mechanism outside of a few dollars for the renewal of a rubber 
collar, It has not cost one cent for maintenance or repairs during the 
ten years of its existence It is in ecery way as perfect today as it was 
in 1911 Owing to its transfoimation from a portable experimental 
apparatus into a stationary structure for hospital use, it uas not feasible 
to arrange drainage for washing it down with a hose stream Asepsis 
in the chamber has, nevertheless, always been perfect, only it is slightly 
more troublesome to maintain, but this is a featuie which, if we had 
to do the work over again and were constructing for permanency from 
the start, could be readily eliminated - 

On occasion, a negative chamber was discussed of round instead 
of the present rectangular shape, constructed on the lines of a large 
oil tank, the hood of the positive cabinet also tank-shaped, which 
accommodates the head of the patient, projecting into the former, 
access to it being from the outside Verbal communication between 
those in either could be held, as now, through diaphragms in the frame 
of the cabinet Such a chamber could be thoroughly washed down 
after every operation and the remaining moisture evaporated by start- 
ing the blowers The puce could probably be brought down consider- 
ably below that of the Lenox Hill Hospital chamber, nhich, being a 
first attempt and of special construction, cannot be considered a cri- 
terion for cost 

Strange to say, the Lenox Hill Hospital chamber, neither m its 
experimental nor in its final shape, has been used in the physiologic 
tests for which it was planned , viz , to ascertain which of the two 
pressures is best for sick and weak persons, the negative or the positive 
When It was ready for use, there was immediately such a flood of 
surgical questions pressing for niA'estigation that there was no oppor- 
tunity for taking up physiologic problems Besides, in the period from 
1908 to 1911, Avhile our negative pressure chamber was passing through 

2 Keen Surgerj, Philadelphia, W B Saunders, Vol 3, pp 526-527 
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Ligations of a branch of the pulmonary artery for advanced broncliieetasis 
was performed in three cases, with operative rccoeery Attempt at excision 
of the right upper lobe of the lung for an abseess of long standing was made 
in one case, witb fatal issue, owing to a profuse arterial hemorrhage from a 
mass of small arteries, on loosening the firmly adherent lung A wrong point 
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of cleavage had been entered and the endothoracic fascia stripped from a por- 
tion of the chest, this fascia forming an absolute unit with the costal pleura 
Necropsy revealed that incision of the abscess with drainage would ha\e been 
the better plan This experience led to the resolve never to enter the thorax 
with a fixed program — here, lobectomy — ^but to be guided in the indication for 
operation by the direct findings in the given case 

In one case, vagolysis w'lth esophagoplication of the supradiaphragmatic 
pouch, for cardiospasm, was performed, wnth recovery 

Cardioplasty wms performed later on, on the last mentioned patient, 
by means of longitudinal incision dowm to the mucosa, trans\erse suture and 
free fascia transplantation, wnth reco\er\ 

Resections of the esophagus for cancer, by the transthoracic route, w'ere 
made in four cases One patient died on the table, after completion of the 
operation, two died in the course of the first and second twent3-four hours, 
respectively, one patient, in wdiom a tw'O-stage operation had been contemplated 
after gastrostom\, recovered nicely after division of the esophagus below the 
tumor and iniersion of either end, the chest being freeh drained, w'lth the 
patient remaining under differential pressure for twent}' hours He w'as out 
of bed after a few' days Then the inversion of the proximal stump ga\e w’av, 
and an esophageal fistula developed He died a few’ w'eeks later as a result 
of a perforation of the tumor into the bronchus, which caused septic pneumonia 

All these opeiations we:e transthoracic, with the exception of one, 
and were done puor to the advent of esophageal resection with ante- 
thoracic transposition of the proximal esophageal stump, and prior to 
the introduction of airtight postoperative thoracic drainage 

This report refers only to operations carried out within the negative 
chamber But m only a ceitain percentage of patients suftering from 
thoracic lesions operated on in the thoracic pavilion was the operation 
performed in the chamber The thoracic pavilion is fitted up for the 
use of all the difterential pressure methods, and they were used from 
the start for the purpose of determining the t}pe of apparatus best 
adapted to the case in hand 

Many of the cases cited have been published before in greater 
detail, from my records, and from the official records of our hospital , 
but they have never before been published collectively 

I feel that I owe this report of my work in the negative chamber 
not only to myself but also to the chamber, and above all to the man 
who, as an assistant, worked it out m theory as well as m practice, 
Ferdinand Sauerbruch The reputation of the chambei should not be 
permitted to suffer because of its use at a time when we did not 
know the best technic in the many problems of thoracic surgery, and 
when surgery of the esophagus was in the lery beginning of its 
development Nor should it suffer any longer from the myth that all 
patients operated on in the chamber have died immediately 

We have had deaths, first, because, during the initial years of our 
thoracic work v e u ere mere tyros, often groping in the dark in trying 



Ml ) I h oris rsHMoiiiorn ny 

lo'-oht llu ic V linu li piohit m In ini I ns, iiullluii ])iituulnl\ 
jIh tndu iiinji'- \\(H iilliii ]KMtil\ inittpulcd I’.ilKiits with f.u 
tih Duid intt.ilhiu u u i*-! w«i( ojKi.itcil <>n i.uIk.iIK in tli.it 

wi wiiiild iidt t)iinK <>i '•nliui Iinu t<< j ulu il wniK tod i\ 

1 initlu! wi'-lud 1 <» 111 iKt tlu'-i hint '•iitniunt'. in (tidii to h.i\c 
It 1 1'-t u ni jnnil if onh in put tin iiiok iNlinisti\c upoit I 
111 idi htloK lln ihnu.d ^oiui\ ot out liospit d Xjnil l‘M 7 entitled 
i 111 I’uilion loi I lioi u ii '^inttiii ot tin (itinini Ilo'.pit.d ’ It t^i\c 
1 ‘■Miop.-i.. .11 dl the I !'•('- ni wlmh opi i nion Ii id Imii puloinud .it 
tin jiiMlioii n]> lo tint tniu hut mnli! not hi in nli ii id\ foi iiiililK.n- 
tioii l)u m^i ot ] uK (It iniH 

lluK lu i"lK i”iu wiio tot \ moil', ii I'-oii'- ihhoi woiK niidti 
lln nn In ii'-toiiii d .nid nini'-n d n*inhlions rt|>ii<t nitd in the luij.ituc 
ihiiiihii 1 h It I iiinot Ik lulpnl lor im llioiuu work within the 
ihiinhii dwii'-hid ijinnhii i i>-iin.itioii 1 nn .iiitini) itiiiq; tin lirst 
opiiitioii ih.ii will Ik jiiiloinitd in tin ihniihei now th.il we h im‘ 
Itiriud It li i^-l III the iiiitontx ot niti.iihoi.u u di'-m'-i'- how to pro- 
letd III llu u'ntii I m 

Tor .1 w lull , It <•( I lilt <1 th it tin pr< '•t nt ^t itiu ot i '-ojih im .il ‘'in yen 
iKie^'-n itnii: opt I ition iKo on tin imk (iMeiiid e''0])h.iit;otniii\ ) 
would )K I 111 nil iiil\ (Mhidi llu lut ot llu ili.niihii in this iliss ot 
I I'-i, on .Ktoiini oi tin inhhti toll n nonnd the pituntsiuik Ilow- 
i\ii 1 shftht ihiiuii III llu loii'tiiution of the hood of the ])Ositi\e 
iihiiut whkh hiihois tlu pnieiilv hi. id .nid .i eonihiii.ition with the 
niodifii itioii ot the iiit^itni ihinihn jnoposfd h\ K II (ncit/ of 
L me 1 'swediii n iKo the .ill uk on tlu t-ophij^us h\ meins of pos- 
terior iiudi.i'-tmolonn mu "ridiiiih .id.ijii tlu luK-'H'i ih.imbei .ij^.un 
to snr<iu d work ot this tiju 

It lert.imh is in\ In in hehei th.it the iie^Mlne ihamhei, lo<;ethci with 
the x.irioiis ii'-eful jiositne piessuit .ijiji.ii.itiis .it oiii eomm.nid, has 
its definite ])l.iie in e\eri well londniled hospit.d dcsiioiis of doing 
intr.ithor.iiie woik iii all i/r f<lia\t i ,md alw.us pl.iimg the best mteicsts 
of the ]).itienl m the iiist hue 'soiiu h\e^ othciwisc lost, might be 
sa\ed w ith its hcl]) 

\ie the ])osiii\e jiiessiiie .ipp.n.itus in jn.ietiee lea'l) just as 
good, just as s.ife/oi llu paluiil, jiaitieiilaily for the weak and leduced 
chronic iin.ihd sufleiing from thoiacie dise.ise^ In 1904, the (jciman 
Physiologic Society decided in f.uoi of negative piessuie, declaring 
It to be the most jihysiologie difleiential piessure method for thoiacic 
operations D.iiies'’ says, in a chaptci on appaiatus foi the control of 

3 Dines II AI The Siirgen of tlu Lung kiuI Pleur.i, \i\\ ^ ork Paul 
B Hother 1920 
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open pneumothorax, “The gieat achantage of this method [the use 
of the hypo-atmosphenc chambei, as he terms it] is that not only the 
lung but also the large veins of the chest are exposed to a negative 
pressure and are therefore under \ery nearly normal physiological 
conditions ’ I shall always remembei the words of a medical friend, 
from whose experience and adMce I often profited, when, in the nega- 
tive chamber and in his presence I performed a thoracotomy on a 
weak, anemic and enfeebled girl u ith a bilateral bronchiectasis, that 
m all his thoracic work he had neAei befoie seen a seriously ill patient 
stand so easily and so plainly uithout deleterious consequences opera- 
tn e u ork within the chest 

As regards the effect of positne pressure on the circulation, there 
can be no Cjuestion that the capillar}' \essels which run w'lthin the w'alls 
of the innumerable alveoli of the lung, taking care of the proper 
exchange of gases, are somewhat compressed by the increased air 
pressure, produced by positn e pressure apparatus of au} type, viz , 
plus-pressure cabinet, mask, intratracheal and intrapharyngeal insuffla- 
tion, and that, consequently, the light side of the heart is called on to 
do extra wmrk,' and hence is liable to acute dilatation dui mg or after 
the surgeon’s work 

Of course, absolute scientific pi oof for this assumption can prob- 
ably not be given , but logical thinking and unbiased reasoning w'lll tell 
us that it must be so For that reason, m order to give the heart muscle 
a brief time for regaining its tonus, surgeons let the pressure produced 
by the apparatus often drop to zero at intervals, in the course of a 
prolonged thoracic operation, w'hen using positive pressure apparatus 
All this may not mean much, if anything, m a strong patient, however, 
in the chronic invalid, who has stiff eied for years with a greatly w'eak- 
ened, often chronically inflamed heart muscle (chronic myocarditis), 
it may mean much 

Another point which desert es mention m this connection with 
regard to tveakened patients is the loss of body heat, a fact tvhich does 
not hate to be reckoned tvith in the chamber, where, because of the 
electric illumination, a uniformly eletated temperature can be obtained, 
in spite of the continuous t entilation That this loss of body heat 
represents an important factor in thoracic tvork, in which so large an 
interior surface of the body is exposed to the broad access of the 
atmospheric air, has been pointed out by many authors 

Looking over the positive pressure apparatus at hand w'lth reference 
to anesthesia, we find that the pressure cabinet, as developed within 
the negative chamber, taking care of the patient’s head and affording 
the anesthetist access to trachea and esophagus, enables us to meet all 
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emergencies m the easiest way The patient’s mouth is tree and 
unobstructed , anesthesia is absoluteh the same as m any other opera- 
tion , operating under local and regional anesthesia is feasible 

On the other hand, when the mask is used (Tiegel, Robinson, 
Gwathmey), a vomiting spell of the patient is an unwelcome occur- 
rence, intratracheal insufflation lequiies the introduction ot the catheter 
with the patient m deep genei al anesthesia , intrapharyngeal insufflation 
also requires genet al anesthesia for the introduction and temporary 
presence of the nasal tubes, although it appears plausible that repeated 
thorough cocaimzation might abolish the reflexes of the nasal and 
pharyngeal cavity, thus rendering general anesthesia unnecessar) 

In having the negatne chambei mIiicIi represents a large pleural 
cavity in the true sense of the word, we aie prepaied to meet eiery 
contingency This Avould be particularly appreciated bi surgeons 
w'orkmg in hospitals having a large ambulance service 

In these times of frequent motoi accidents it is not difficult to 
imagine a case of severe chest injur}' m wdnch the patient might be 
saved, if it were at all possible, by the use of the negatn e chamber 
A patient wdio has been run o\ei b} an automobile is unconscious, 
several ribs are broken, there is no external w'ound, the pleura is eM- 
dently torn from wnthin, there is pronounced anemia due to acute loss 
of blood, and at frequent intervals foamy blood is brought up through 
the mouth, evidently from the pleural caMty, wdnch is filled with blood 
and air At the neck, there is distinct emphysema In addition, there 
are repeated vomiting spells due to a concussion of the brain with or 
without a skull fracture The patient is carried into the chamber, 
placed on the operating table, and the head pushed through the rubber 
collar , the assistants, nurses and mstrumentarium are read} , the doors 
are closed, and the pressure is turned on, and any emergenc\ can be 
met in the most physiologic and gentle w'ay Rapid creation of the 
desired differential pressure in all its details can be carried out by a 
nurse or any hospital attendant, a specially trained medical man is 
not required The first trained man on hand opens the chest, stops the 
hemorrhage, sutures the torn lung, etc The oxygen tank, sereral of 
which are ahvays on hand in the anesthetist’s cabinet, which holds also 
the patient’s head, is connected with a proper mask put loosel} o\er the 
patient’s mouth, allowing additional inhalation of oxygen under pres- 
sure If, in spite of everything, spontaneous respiration suddenl} 
ceases, the mere raising and low'ermg of a lever wuthin the chamber 
will instantaneously effect artificial respiration, wdnch wnll be thorough 
and effective as long as the glottis is not closed by spasm Rhythmical 
distention and collapse of the exposed lung wall tell wdiether the access 
of the air is unobstructed But — to continue the imaginary case — it 
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appears that the king does not lespond to the pressure changes produced 
by the levei movements Routine compulsory training has prepared 
the members of the house staft also for this emergency An O’Dwyer 
tube IS quickly introduced, and when it is propeily in place the artificial 
ventilation of the lungs continues, oxygen being again added, and if 
luck favors the patient, spontaneous respiration is resumed and the 
way opened for ultimate lecovery 

One more example A patient is brought m with a wound of the 
heait To my mind these cases m oui laige hospitals should as a rule 
be opeiated on undei difterential pressuie, and if it is at all feasible, 
undei regional and local anesthesia Many heart w'ounds aie compli- 
cated wnth pleural injury, hemopneumothorax being piesent In the 
course of the exploration of the heart, the pleural w'ound may have to 
be enlarged oi it will teai further at the site of the lent The sur- 
geon s wmrries fiom the ensuing complete collapse of the lung, wdnch 
may determine the patient’s fate if not counterbalanced, suiely ought 
to be eliminated He ought to have ample time also to e^acuate and 
clean the pleural cavity Employment of differential pressure wall do 
this, and the mere placing of the patient under negatne pressure will 
answ'er the purpose The sui geon then can leisurely attend to evacuat- 
ing and cleansing the pleural cavity, and take such steps as he may 
deem necessary and best for the patient’s w'elfare 

One of the members of oui association once wrote me these signifi- 
cant wmids “The most suitable apparatus is one that can be used by 
any surgeon m any case ” The negative chamber certainly belongs 
most preeminently to that type of apparatus 

The more I have thought about the negative chamber — and cer- 
tainly not because only our hospital is in the possession of the appa- 
ratus — the more I am convinced that it w'ould be a real pity if our 
great medical institutions of learning should consider the chamber an 
antiquated piece of apparatus, and w'ould not entertain the idea of its 
use, because it is more cumbersome and more expensive than other 
apparatus The question of somewdiat greater expense and, albeit, 
slight inconvenience, should not stand in the w^ay of our doing the very 
best for our patients 

But I should not like to be misunderstood I do not mean to imply 
that the negative chamber should take first place among the four 
methods of differential air pressure, or that it should supersede the 
others What I mean to say is that it should have its place among the 
various methods, and that we, in order to be properly prepared for all 
emergencies that may present themsehes, cannot well afford to do 
wnthout the negative chamber If the hospitals want to give their 
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patients sufteiing from thoiacic disease the benefit of the veiy best 
that science offers, they must place at the disposal of the specialist in 
thoiacic surgery all four of the well-known useful apparatus, so he 
may be m a position to select the method he deems best, the method 
that e\perience has taught him oi others is best adapted for the case 
in hand 

Let us adapt the apparatus to the patient, and not the patient to the 
apparatus 



THE VALUE OF VENTRICULOGRAMS IN THE 
LOCALIZATION OF INTRACRANIAL LESIONS 

THREE CASES OF OBSTRUCTIVE IIYDROCEPIIALUS AND 
ONE or BRAIN TUMOR 

EDWARD BANCROFT TOWNE, MD 
Assistant Professor of Surger 3 ', Stanford Universitj Medical School 

SAN ERANCISCO 

In 1918 Dandy ^ pioposed the employment of roentgenograms of 
air-filled cerebral ventiicles for the differentiation of the t>pes of 
hydrocephalus and for the localization of brain tumors He said, “For 
the first time we have a means of diagnosing internal h} drocephalus in 
the early stages Without the ventriculogram, the diagnosis 

is frequently guesswork, with the ventriculogram, the diagnosis is 
absolute ” Dandy’s later reports have confirmed his estimate of the 
value of the \ enti iculogram m hydrocephalus, and he* has reported 
two cerebral tumors in which “there was no sign by which the location 
of the tumors was even suspected In both, the 3 entnculograms showed 
the precise location of the growth ” Fiazier’s ® statement, “Thus far it 
has not aided me m establishing the location of a growth not indicated 
by other signs,” would indicate that the value of the procedure is not 
yet generally appreciated 

I have used the method in four cases Three wei e different types of 
obstructive inteinal hydrocephalus in infants, and m each, the site of 
the obstruction was demonstrated by the ventriculogram One of these 
cases is an example of the rare condition of obstructive hydrocephalus 
of one lateral ventricle In the fourth case, the clinical symptoms 
suggested a frontal lobe tumor , but there was nothing to indicate which 
hemisphere was involved The ventriculogram showed that it lay on 
the left side where it was found at operation 

REPORT or CASES 

Case 1 (Disp No 9S803) — Advanced Jiyd) ocepliahis due to occhtsiou of 
the fotamina of Magendie and Luschka, fot motion of a new foiamen of 
Magendie, death five zoeeks later, no ncciopsy 

1 Dandy, W E Ventriculography Following the Injection of Air into the 
Cerebral Ventricles, Ann Surg 68 5 (July) 1918 

2 Dandy, W E Localization or Elimination of Cerebral Tumors by 
VAntnculography, Surg, Gynec & Obst 30 329 (April) 1920 

3 Frazier, C H The Achievements and Limitations of Neurologic Surgeri 
A.rch Surg 3 543 (Nov ) 1921 
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Histoiy — B, a girl, aged 6 weeks, was admitted to Lane Hospital, Maj' 16, 
1921 She was a first child, born normalK at full term She was next seen by 
the phj'sician in the fifth week, when she showed a marked enlargement of the 
head Dr G F Helsley of Fresno saw her m consultation and sent her to 
San Francisco 

E\amination — The child weighed 4200 gin The occipitofrontal circumfer- 
ence of the head was 46 5 cm Near the anterior end of the posterior fontanel 
could be felt wdiat appeared to be the junction of the lateral and superior 
longitudinal sinuses The optic disks w'ere white The arms and legs were 
spastic and frequently exhibited short tonic spasms Spinal puncture w^as 
performed twice, both times air sucked through the needle when the child cried, 
but no fluid w'as obtained Nine hundred cc of cerebrospinal fluid were 
aspirated through the anterior fontanel and replaced by the same amount of 
air The roentgenograms showed great dilatation of the lateral, third and fourth 
ventricles, with marked thinning of the cortex The lateral sinus crossed the 
posterior fontanel 4 cm anterior to the upper edge of the occipital bone, and 
all below this was fourth ventricle (Fig 1) The foramina of Magendie and 
Luschka w'ere occluded so that fluid could not pass from the fourth ventricle 
into the subarachnoid spaces 

Opeiation (Townie) — May 21, through a midline incision the muscles were 
separated dowm to the occipital bone, an area of bone was removed, and the 
dura was opened Under the dura and not adherent to it was the paper-thin 
wall of the cjstic fourth ventricle This was opened, allowing the head to 
collapse as the air escaped The dura, muscle and skin w’ere sutured 

Postopoatwe Couise — The w'ound healed cleanly The circumference of 
the head was 45 cm. May 27 , 44 5 cm Maj 31, 44 cm, June 6, and 43 5 cm, 
June 8, when the child w'as discharged from the hospital By letters from the 
parents it was learned that the head began to enlarge again about ten dajs 
aftei discharge June 23, the circumference w'as 50 cm Death occurred, 
June 28, following a series of convulsions There was no necropsy 

Dandy ^ has pointed out the treatment for this type of hydro- 
cephalus He made new foramina of Magendie for two adults in whom 
the occlusion was due to meningitis, and both Avere cured In his one 
congenital case, the patient, an infant aged 3 months, died Avhen the 
c}stic fourth Aentricle was opened The operation is physiologically 
correct, easil}" performed, and, to judge from my case, ivell borne by 
the infant The diagnosis was made too late \Vhen the head begins 
to enlarge the cortex is already markedly thinned Earlier than this 
stage the diagnosis may be suspected but can be confirmed only by 
the ventriculogram Operation beforq enlargement of the head offers 
a prospect of recoA^ery Avithout serious damage to the optic nerres and 
cortex Lacking postmortem examination, it is impossible to say 
Avhether the neiv foramen failed to function, or AA'hether, because of 
a pathologic condition in the subarachnoid spaces, an obstructiA e Iia dro- 
cephalus Avas conA^erted into a communicating hj drocephalus 

4 Dandj, \V E The Diagnosis and Treatment of Hi drocephalus Due to 
Occlusions of the Foramina of Magendie and Luschka Surg Ginec & Obst 
32 112 (Feb ) 1921 
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In the next case, I was associated with Dr P K Gilman, to whom 
I am indebted for permission to use the case in this report 

Case 2 (Hosp No 25003) — Advanced hydi occl>halus due lo occlusion of Ike 
aqueduct of Sylvius not cuicd bv the foiination of a nciu aqueduct, crtiipatwn 
of a choiotd plcxui, death, no nectopsy 

Hist 01 y — M M, a girl, aged 8 weeks, was admitted to Lane Hospital, Julj 
S, 1921 She was the first child of a 33 vear old mother, and was delnered by 
cesarean section because of hjdrocephalus From the sixth to the tw^entieth 
day the circumference of the head remained stationar\ at 41 cm Beginning 
the sixth week the head enlarged rapidlj 



Fig 1 (Case 1) — Occlusion of foramina of Magendie and Luschka a, fourth 
ventricle, b, tentorium cerebelh , c third and lateral ventricles, lateral pro- 
jection with horizontal ray, face dowm 


Examination — The child weighed 5,400 gm The occipitofrontal circum- 
ference of the head was 53 cm The optic disks were white There was an 
abnormality of the left great toe, shown by the roentgen ray to be due 
to absence of both phalanges A. half hour after injection of 1 c c of indigo- 
carmin into a lateral ventricle, spinal puncture gave colorless fluid which 
dropped slowly and stopped w'hen 5 c c had been collected Fifteen hundred c c 
of fluid were aspirated from the ventricle and replaced by the same amount of 
air The roentgen ray disclosed an extreme degree of brain destruction with 
air m the lateral and third ventricles but with none in the fourth ventricle 
(Fig 2) The aqueduct of Sjhius w'as occluded so that fluid could not pass 
from the third to the fourth ventricle 
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Fust Operation (Gilman) — July 12, the occipital muscles were separated in 
midline , an area of bone including the posterior half of the foramen magnum 
was removed, and the dura was opened The vermis was divided in midline 
to expose the floor of the fourth ventricle A probe was thrust through into the 
third ventricle, and a fenestrated rubber catheter was placed in the neu 
aqueduct The posterior end of the catheter was sutured to the dura, and 
the wound ^\as closed 

Postopci ativc Comse — There was a very severe reaction and the child’s 
condition was precarious for several daj's By percussion of the head the 
reaccumulation of fluid could be followed Roentgenograms taken, July 18 
showed that the head was about half full, and indicated that tl e tube w as 



Fig 2 (Case 2) — Occlusion of aqueduct of Sylvius, lateral projectioi u ith 
\ertical raj 


functioning, if at all, onlj through the eye at the end (Fig 3) August 1 tlie 
tube was removed Measurements from 'August 4 to 7 showed that the cir- 
cumference of the head w'as increasing at the rate of 1 cm a daj August 13, 
spinal puncture gave IS c c of fluid 

Second Opoation (Gilman) — August 15, the choroid plexus of the lelt 
lateral \entricle w'as remo^ed The child died three hours later Nccropsi 
was not obtained 

In this case there was little possibilitj' of a fatorable outcome, for, 
e\en if treatment had been undertaken immediately after birth the 
coitex was then badl}' damaged With the diagnosis made the parent^- 
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insisted that an attempt be made to relieve the condition The point 
of obstruction was attacked, but either the new aqueduct did not func- 
tion or the fluid could not be cared for in the subarachnoid spaces 
Dandy ® has shown that this operation is successful in a less advanced 
case, one of his patients was alne and apparently normal a year after- 
ward The second intervention was undertaken on the theory that 
fluid having flown quite freeh by spinal punctuie, the new aqueduct 



Fig 3 (Case 2) — A, catheter (retouched) m the reestablished aqueduct of 
Sylvius, lateral projection with horizontal ra\ , occiput doivn 


w^as probably functioning and we w'ere dealing wuth a communicating 
hydrocephalus Unfortunatel} , this question w^as not settled b) dye 
injection, further ventriculograms or necrops} 

Case 3 (Disp No 96080) — Obstiuclive hvdi occphalus of the light lateial 
vcntiicle, cxtii potion of choi oid plexus, death neciopsv, glioma of the left 
ceiebial heimsphei e 

5 Dandy, W E The Diagnosis and Treatment of Hj droceplialus Result- 
ing from Strictures of the Aqueduct of Syh lus Surg , Gynec &. Obst 31 340 
(Oct ) 1920 
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Hisloiy — W C, a bo\, aged 6 weeks, was admitted to the pediatrics serMce 
of Dr H K Faber in Lane Hospital, Aug 8, 1921 He was the third child, 
born normally at full term On the tenth day the mother thought that the 
fontanels were wider than at birth On the fourteenth daj' the left side of the 
face began to twitch, and this occurred frequentl}’^ for about two weeks There 
was rapid enlargement of the head during the ten days before admission 

Eianiiiiatioii — The child weighed 5,290 gm The occipitofrontal circum- 
ference of the head was 46 5 cm The optic disks were white The arms and 
legs were slightly spastic and the left tendon reflexes were sharper than the 
right A hypodermic needle was introduced through the left angle of the 
anterior fontanel, a small amount of cerebrospinal fluid was aspirated and 
1 cc of mdigocarmin was injected at that point Twentj-five minutes later, 
spinal puncture gave a few cubic centimeters of uncolored fluid that dropped 



Fig 4 (Case 3) — Asymmetrical enlargement of the anterior fontanel 

slowly A spinal puncture needle was passed through the left angle of the 
fontanel to a depth of 4 cm , but no fluid \\as obtained It was then obser\ed 
that the fontanel was enlarged to the right more than to the left (Fig 4) The 
needle was introduced through the right angle of the fontanel, and 500 c c 
of colorless fluid were remo\ed and replaced by the same amount of air 
The lateral projections vere \ertical and horizontal ra\s re\ealed dilata- 
tion of one or both lateral %entricles The anteroposterior projection vith the 
horizontal ra^ demonstrated that the right lateral \entricle \\as tremendously 
enlarged and incompleteh filled %\ith air and that no air had passed into the 
left lateral ventricle (Figs 5 and 6) The prcoperatne diagnosis is as Indro- 
cephalus of the right lateral i entncle resulting from occlusion of the foramen 
of Monro 

OpLtation (Tonne) — August 17 the choroid plexus of the right lateral 
1 entncle nas extirpated Though practicalh no blood was lost the child nent 
into collapse nhen the i entncle nas opened and died t\io hours later 
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Neci ofsv —The brain was placed in liquor fonnaldehvdi , after fixation, the 
right lateral ventricle was filled with gelatin The right cerebral hemisphere was 
three or four times larger than the left (Fig 7) Three transverse sections were 
made and the ventricles and interventricular passages were dissected The 
gelatin mass was m the right lateral and third ventricles The left lateral 
ventricle was collapsed and displaced posteriorly by a large infiltrating tumor 
of the left cerebral hemisphere At Level 3 (frontal) the tumor was degen- 
erated (Fig 8) At Level 2 (parietal) it comprised more than half the 
hemisphere, extended well across the midline and displaced the anterior horn 
of the left lateral ventricle upward (Fig 9) At Le%el 1 (occipital) the mass 



Fig S (Case 3) — Occlusion of right foramen of Monro, a, fluid level, 
anteroposterior projection with horizontal ray, right side down 


was bounded medially and superiorlv by the great longitudinal fissure, laterally 
by the left lateral ventricle and inferiorly by the thalamus (Fig 10) Dissec- 
tion posterior to Level 1 uncovered the left foramen of Monro opening into 
the posterior end of the elongated third ventricle All of the tumor lav anterior 
to the left foramen, and it apparentlj^ arose from the left anterior crus of the 
fornix or from the white matter farther forward The foramina of Monro 
entered the third ventricle 2 5 cm apart, the right at its anterior and the left 
at its posterior end The right foramen was patent, but elongated and tor- 
tuous from the encroachment of the tumor across the midlme The aqueduct 
ot Sylvius and the fourth ventricle were normal No corpus callosum could 
be found Microscopic examination of the tumor showed it to be a glioma 
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In this case the unilateral hydrocephalus might have been suspected 
from the asymmetry of the fontanel had the head been more carefully 
observed before the dye and fluid-replacement studies were begun The 
dye was probably placed in the great longitudinal fissure, for no trace 
of it was found in the left hemisphere, moreover, fluid having been 
aspirated at the point of injection, the indigocarmin must have been 
placed in the subarachnoid space The degenerated area of the glioma 
corresponded closely to the region to which the spinal needle was passed 
on the left side, and may have been due to hemorrhage caused by the 



Fig 6 (Case 3 ) — A fluid level anteroposterior projection wvh horizontal 
raj', left side down 


needle The piesence of a tumor not being suspected it was thought 
that we might be dealing with a congenital absence of the foramen of 
Monro, as m the case described b> Bransford Lewis ® For this condi- 
tion the establishment of a communication between the lateral and third 
ventricles would be the proper procedure , but at operation it u as not 
possible to be sure where the third ventricle lay I, therefore, removed 
the choroid plexus, with some misguing as to the fate of the great 


6 Lewis Bransford Lnilateral Internal drocephalus from Closure of 
the Foramen of Monro — Death — ■\utops\ 'Miemst S. Neurologist 8 396 1887 
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dead space should the child survive Dandy ^ found that when the 
ventricles weie small the operation was well tolerated, but that when 
they were enlarged and the cortex was greatly thinned the reaction was 
severe or fatal 

I am not able to explain satisfactorily all the postmortem findings 
It IS clear that the right foramen of Monro, although patent, did not 
function pioperly, and that this must have been due to the pressure 
of the tumor The elongation of the third ventricle was caused by 



Fig 7 (Case 3) — Levels of transverse sections shown in Figures 8 9 and 10 
indicated b}" 3, 2 and 1 , defect on superior aspect of right hemisphere is an 
enlargement of the operative incision 

the backward displacement of the left foramen of Monro But the 
third ventricle was also dilated, and this is difficult to understand in 
tiew of the patency of the aqueduct of Sylvius and the collapsed condi- 
tion of the left ventricle It would seem that a tumor arising m the 
vicinity of the anterior crus of the fornix and pushing the foramen of 

7 Dand}, W E Extirpation of the Choroid Plexus of the Lateral Ven- 
tricles m Communicating Hydrocephalus, Ann Surg 68 569 (Dec ) 1918 
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Monro back into the occipital region would have blocked that foramen 
rather than the one on the opposite side Perhaps the absence of the 
corpus callosum made it possible for this dislocation to occur without 
occlusion of the left foramen 

Case 4 (Disp No 99658) — A bram tuinoi locahced vi the left cciebial luiiii- 
spheie by ventt iculogi am , cystie gltoma of tempoi ospheiioidal lobe found at 
opeiation, lecoveiy 

Histoiy — L C, a woman, aged 53 years, was admitted, Oct 20, 1921, to the 
neurologic service of Dr Walter F Schaller in Lane Hospital, recommended 



Fig 8 (Case 3) — Transverse frontal section at Level 3 (Fig 7) a, degen- 
erated area of tumor m left hemisphere 

bi Dr R V Lee of San Francisco with the diagnosis of brain tumor There 
was nothing important in the famih or past histor\ Twehe lears pre\ loiish 
in 1909, she began to haie attacks of petit mal rare at first but increasingh 
frequent after 1916 During the past jear there had been about twehe major 
coniulsions with loss of consciousness Neither the major nor minor attacks 
were jacksonian in character For a jear there had been loss ot meniori and 
periods of disorientation On questioning, a relatne gace an indefinite liistori 
of recent slowness in understanding spoken and written words She had com- 
plained for fi\e months of mild headaches nausea dizziness and transiton 
blurring of \ ision 
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Eraimnation — The skull was normal to palpation and percussion Roent- 
genograms revealed generalized thickening of the cranial bones There were 
choked disks measuring 6 diopters The visual fields were normal The vision 
was right, 15/30, left, 15/20 The remaining cranial nerves were negative 
Muscle tone and power, sensibilitj' and reflexes were normal There w’as 
marked fine tremor of the hands, but no ataxia, dysmetria or Romberg's sign 
Her memory w'as defective for past and recent events She w'as oriented for 
time and place No motor or sensorj aphasia could be demonstrated by careful 
tests The tentative diagnosis w'as tumor of the frontal lobe, side unknowm 
October 26, wnth procain and epinephnn anesthesia, a small trephine opening 
W'as made at Kocher’s point, and through it 25 cc of cerebrospinal fluid were 



Fig 9 (Case 3) — Transverse parietal section at Level 2 (Fig 7) a, left 
lateral ventricle, tip of anterior horn , b, tumor 


aspirated from the anterior horn of the right lateral ventricle and replaced b) 
the same amount of air No more fluid could be obtained though the patient 
was in the correct position — face dowm and turned slightly to the left She was 
then placed with the occiput down, and the head was slowly turned to the right 
Roentgenograms were taken after she had been m the right lateral position for 
half an hour The turning was then reversed and more exposures w'cre made 
in the left lateral position The right and left lateral projections with vertical 
and horizontal rays revealed the outlines of an apparently normal ventricle 
With the anteroposterior projections with the horizontal ray, air was seen only 
in the right lateral ventricle (Fig 11) Fearing that the turning of the head 
to allow the air to pass into the left ventricle had not been properly earned 
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out, It was repeated the next daj' according to Dandy’s ® directions ‘ In normal 
or slightly enlarged ventricles the air passes from one ventricle to the other 
when the position of the head is such (occiput down) that all the air is m the 
anterior horn If the head is then turned toward the side containing the air, 
air passes through the interventricular foramina to the opposite lateral ven- 
tricle” The result was the same, no demonstrable air had passed into the left 
lateral ventricle The preoperatue diagnosis was a tumor of the left frontal 
or temporosphenoidal lobe, compressing the left lateral ventricle 



Fig 10 (Case 3) — Transverse occipital section at Level 1 (Fig 7) a, left 
lateral ventricle , bj tumor , c, thalamus , d, third ventricle 


Opetatwii (Towne) — October 31 the scalp and left temporal muscle 
were infiltrated with 90 c c of 0 5 per cent procain, containing 0 45 mg of 
epinephrm A large bone flap nas turned down to unco\er the lower frontal 
and upper temporal cortex and the inferior end of the central fissure The 
bone under the temporal muscle was widelj removed The tense dura was 
radialh incised under the bone defect the intention being to make a subtemporal 
decompression and to postpone further exploration until a second stage The 


8 Band}, W E Fluoroscop\ of the Cerebral Ventricles, Bull Tohns Hop- 
kins Hosp 30 29 (Feb ) 1919 
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temporal cortev protruded moderateij through the opening m the dura A 
needle introduced at a soft area well forward in the superior temporal gyrus 
tapped a gliomatous cyst at a depth of 1 5 cm About IS cc of the t 3 pical, 
clear yellow fluid were obtained This contained 480 red cells and 7 white 
cells per cubic millimeter and did not reduce Fehling’s solution The tension 
was now relieved so that the corte\ could be depressed with a spoon to allow 
examination to a point some distance from the dural opening, but no extension 
of the tumor to the surface could be found The rvound was closed, and the 
patient, with a pulse of 90, was returned to the w'ard 

The epinephrm hemostasis was excellent, so that onlj a few of the larger 
vessels bled There wms pain only tw’ice, from traction on the temporal muscle 
when the bone flap w'as broken down, and when the middle meningeal arter} 



Fig 11 (Case 4) — Tumor of left temporosphenoidal lobe compressing left 
lateral ventricle a, air in right lateral ventricle, b, trephine opening in skull 
anteroposterior projection with horizontal ray, right side down 


w'as ligated The intracranial pressure w'as far less than one expects to find 
in similar cases m which ether anesthesia is employed 

Postopci ative Course — The wound healed cleanly She W'as out of bed on 
the sixth day and was discharged from the hospital on the eighteenth dav She 
had no nausea, dizziness or epileptic attacks Several times she complained 
of severe headache of short duration, and at these periods the decompressed 
area wms full and tense At all other times the hernia was soft and only 
slightl 5 >- raised At discharge, the optic disks were still elevated from 1 5 to 
2 diopters When last seen, December 5, her memory appeared to be improving, 
and she was much brighter and more responsive The swelling of the right 
optic disk wms entirely gone The margin of the left disk was still hazv and 
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tliLii w I*. T sciriiK nin‘'Ur iltli. '.wtllinj; \ isioii \\ is rinl'l l<-ft 15/20 

is litfiiic niKrilinn — iii hiksiillIi ilh noiul icsiili 

Cudu foi iht locali/atidii ol this Uinioi must hcgncn to the vcnlnc- 
uloijram 1 he delinito ehnie.d hndtni^ was loss of nicinoi \ 1 here was 

a ele.u histou of disoneiitation and an indelinile histoi\ of aphasia, 
hut neithti could hi dinioiistiated h\ tests Without the \entiieulo- 
};iaiu the di icjnosis w.is a tunini ni a tiont.d lobe Jhetheiapc would 
juohahh hue been a subtempoial decom])iession oi a combined 
deconipicssinn and bone llap upeiation on the n^ht side, as the patient 
was n^ht-h.uulid 1 his inurht hue sa\ed Msion. but it would not 
bue made ])ossibli the e\ .icu.ition ot the i\st With the tumor lo,.ated 
m the left tem]i()ral lube, it cm now be aspnated whenecei neeess.in 
and it can aKo be att.icKid with massue ioente;en-i.u doses if that 
n])])eiis desii.ible 

1 lum the point of Mew ot loentgen-i iv techme it is mteiestmg 
to note th It in Cases 3 and d lateial ])iojeetions ga\c onl) pailial 
mfoiimtion while antero])ostci loi piojections with the hoii/ontal rav 
rexealed the umlateial location ol the iii 

St MM \K' 

]1\ me, Ills of \ enti leiilogianis thiee eases of obstiuetue h\dio- 
ceph.ilus m m hints wcie di.ignoscd as being eatiscd b\ oceltision of 
(1) the foiamina of M<igendie and Ltischka (2) the aciueduct of 
‘sylMus and (i) the right foiamen of Alonro No othei method 
eould h.ue thus show'ii the e\aet loeation of the obstiuctions In all 
thiee the disease w'as so fai adxaneed that the coitev was maikedly 
thinned and scconckuy enlargement of the head had followed Laige 
amounts of cei ebros])mal fluid, fiom 500 to 1,500 cc, were replaced 
b) ail In tw'o cases new mterxentricular passages weie made, but, 
thiough the opeiations were faiih well home, the hydiocephalus was 
not cured and both patients died at .i later date The third patient 
died of shock folloxvmg extiipation of a choroid plexus The lesults 
emphasize Dandy’s statement that these cases must be diagnosed by 
ventrieulogram and operation must be performed befoie the head 
enlarges He has shown that befoie the ventricles are gieatly dilated 
the points of obstruction can be successfully attacked Even wdien 
the diagnosis is delayed, it is moie satisfactory, if forced by the hope- 
less outlook to do something, to try to correct the cause of the condi- 
tion rather than to attempt to palliate the result by a drainage opei ation 

Dandy has reported two cases of cerebral tumor, one occipital, the 
other frontal, which w^ere localized by the ventriculogram after other 
methods had failed In my fouith case the symptoms suggested a fron- 
tal lobe tumor, right or left The x'^entriculogram show'ed that the left 
lateral xentricle contained no air At operation, a cystic glioma w^as 
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found in the left temporosphenoidal lobe The patient was dismissed 
m a much improved condition 

From this limited experience, it appears that the replacement of 
ventricular fluid by air is harmless and of great value in the early 
stages of internal hydrocephalus, and that it is the essential diagnostic 
method in the localization of tumors lying in silent areas of the 
cerebrum 



l11\KC.LS in IIIE MORlMl(JLO('A <\ND FUNCllON 

or im: bone marrow xeter spleneciomy^ 

LR\LSr M JOHNS! 0\i:, MD 
I'cllow in Snrf^crv M.uo I'oniu! ition i 

l((UHISlllt MINN 

iNrK( nicnoN 

In this senes of in\ estij^atioiis on the hone m.iiiow I Iia\c had a 
two-fold jHiipose lirst to dewisc a ne'w method of stucKin"- mairow' 
that would sceine a eonneettd jneture of ehanges in the marrowy and 
second to observe the function of the inariow alter the icmoval of 
the spleen 'J he need of this investigation was suggested to me bv mj 
findings m a previous studv * of the blood ihanges aftei removal of 
the s])leen for kala-.i/ai 

Hitherto most ohsei vations on the lunelioti of the mairow hav'e been 
limited to single iso' ate d sjieeimens usuallv seemed ,it neeiops} oi by 
etherij'ing laboratorv .inim.ds \ single s])eeimen of bone maiiow gives 
insufiicienl evidence \n adeeiuatc coneeplion of the behav'ior of the 
marrow can be scented onlv bv frequent obsei vations (on the same 
person or biboratoiv .inimal) at icgular intervals and ov'ei a period 
suffieientlv long to aflord a eonneeted leeord of ehanges throughout the 
entire eouise of the disease One of the most difficult factors in 
eonneetion with the technic is adequate t\])ei imental control I have, 
therefore giv'en special attention to the develojiment of a system of rigid 
experimental control 

It should be stated th.it ni) reason foi undei taking this study of the 
marrow and for giving special attention to the early period after 
splenectomy is the fact that previous inv'cstigators, notably Pearce and 
Krumbhaar,- have reported practically negative findings for the first 
six months They noted definite marrow changes, however, after from 
SIX months to one and one-half years Their study of the marrow after 
splenectomy still constitutes the most complete contribution on the 
subject 

* Abridgment of thesis submitted to the Facultj of the Graduate School of 
the University of Minnesota in partial fulfilment of the requirements for the 
degree of Master of Science in Surgery, June, 1921 The original thesis con- 
tained a complete review of the literature, with a bibliography, eight charts, 
seven photomicrographs, three drawings in color, and thirteen protocols, none 
of which are included here 

t This work was done in the Division of Experimental Surgery and Pathology 

1 Johnstone, E M A Study of Blood Changes m Kala-Azar After Sple- 
nectomy, China M J 32 50S-S13, 1918 

2 Pearce, R M , Krumbhaar, F B , and Frazier, C H The Spleen and 
'\nemia. Experimental and Clinical Studies, Philadelphia J B Lippincott 1918 
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The fact that the most severe stage of anemia and most instances 
of reco^ery therefrom occur during the first six months after the 
removal of the spleen naturally leads us to expect corresponding marrow 
changes during this period Pearce and Krumbhaar, failing to find such 
marrow changes during the first six months, concluded that the changes 
observed later could not be consideied compensatory to an anemia 
which had already cleared up They stated their reasoning thus 

If the hyperplasia ot the bone marrow is compensatorj to increased blood 
destruction oi decreased lilood formation one would expect definite hyper- 
plasia during the earlier period, during the first three months after splenectomv 
at a time when the anemia is evident and repair is taking place, and not six 
months to a year and a rear and a half when the lilood picture is normal 
it IS therefore impossible, on account of the laic de\elopment of the 
hjperplasia of the marrow, to explain its occurrence as compensator! to the 
anemia following splenectomy 

Conti ary to these obsei vations by Peai ce and Krumbhaar and then 
associates, my study of marrow changes after splenectomy has revealed 
definite earlv changes The difteiences m oui findings aie, I believe, 
due to vaiiations in methods First, there is a fundamental difference 
m the method of expeiimental conliol They used the maiiotv of one 
animal to contiol changes in another animal whereas I controlled 
postsplenectoni} changes by a contiol specimen of mairotv taken fiom 
the same animal befoie splenectomy I also studied a series of non- 
splenectomized animals subjected to exactly the same conditions as a 
subsidiary contiol Secondly, it is important to note that Pearce and 
Krumbhaar and then associates made no observations duiing the fouith 
and fifth months aftei splenectomy This is significant because it Avas 
dining these months that I observed maximal mairow changes 
Thirdly, my method obtained a connected picture of marrow changes 
not possible by the study of single and isolated specimens of mairmv 
taken from various animals Fourthly, m my method the rib marroiv 
was studied instead of the mairow of the central third of the femur 
The rib manoiv shows marrow changes earlier than the mairow of the 
central third of the femur 

It IS evident that the function of the marroiv during the first few 
months after splenectomy is the ciux of the problem If during this 
period theie is hyperplasia and hyperactivity, postsplenectomy anemia is 
due to no fault of the marrow but, rather, to some destructive factor, 
possibly an hemolysin, which is set into activity by removal of the spleen 
Since the question of the function of the marrows especially during the 
period immediatel}^ following splenectomy, is of sufficient importance to 
warrant further investigation, I have ventured to continue the study of 
the problem by deiising a new method and by giving more emphasis 
to the accomplishment of rigid experimental control 
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1 he sciicciulc foi this investigation of the inaiiow and its relation to 
the spleen in\ol\e(l the enlleetion of data in a form which would allow 
he anahsis and eninpaiison of ten factors Four of these referred to 
the mairow en tlnngcnesi<; Icukogcnesis, vascularity, and density of 
inariow eells roiii lefei red to the blood sti earn the hemoglobin con- 
tent, the ei\throi.\tc eotint, the lcukoe\tc eount, ,ind a diflcrential study 
of the blond cells ] wo referred to tbe labor.atoiy animal m a general 
wa\ its weight at legtikir intcr\als and ]).irallcl notes on its general 
condition such as the healing of the operative wounds and the absence 
or piescnce of an\ influenee tbal migbt aflcct the marrow^ e\en m a 
minoi wa^ 

\11 data weie collected simultaneously just before taking each 
specimen of marrow This parallelism of observations not only justified 
com]5arison of data but also contributed to a much more comprehensive 
knowledge of what occurs after remov.il of the spleen than could be 
secured b\ studjing tbe marrow' alone 

Fi\e senes of experiments were carried tbrough Series 1, 2, 3 
and 4 f.iiicd to accomplish exact experimental control My repot t is 
based kugel\ on the findings bj the new' method of experimental control 
used in the expeiimcnts m Scries 5 Brief references w'lll be made to 
the first four series because tbej bring out certain points which are 
important when studted in conjunction w'lth the findings m Series 5 

Senes 1 The marrow's from the tibias of twenty-fi\e rabbits, thir- 
teen splcncetomi7ed and tw'ehe nonsplcncctomizcd, for periods up to 
fourteen months after splenectomy, w'ere studied The marrow's of 
the sj)lenectomi/ed rabbits were controlled by the marrow's of the 
nonsplenectomized rabbits 

Senes 2 The marrow's from the femurs (central third) of fourteen 
dogs, eight splenectomized and six nonsplenectomized, for a period of 
more than one year after splenectomy, were studied In this series also 
the splenectomized animals’ marrows were controlled by the nonsplenec- 
tomized animals’ marrows 

Series 3 The marrows from the femurs of two goats, of the same 
age, one splenectomized when 3 w'eeks old, and one nonsplenectomized, 
for a period of fifteen months after splenectomy w'ere studied In 
this series also the nonsplenectomized goat w'as a control for the 
splenectomized goat 

Series 4 The marrows from the central third of the left femur of 
each of six dogs, three splenectomized and three nonsplenectomized, 
taken at the end of the experiment, were compared with the marrows 
taken as controls before splenectomy from the center of the right 
femur from each of the same dogs 
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Senes 5 A The marrows from the ribs, taken at frequent intervals 
from fourteen dogs, eight splenectomized and six nonsplenectomized, 
operated on under ether anesthesia and by sterile technic, were studied 

Series 5 B The marrows from the ribs of four dogs, two splenec- 
tomized and two nonsplenectomized, were studied m the same manner 
as m Series 5 A, except that cocain anesthesia was used instead of 
ether The details of the satisfactory methods (Series 5 A and B) 
follow 

METHOD or OBTAINING RIB lUARROW SPECIMENS 

A piece of rib, 4 cm long, was removed from a point midway 
between the spine and sternum This specimen, removed before 
splenectomy, from a healthy and apparently normal dog, constituted the 
control for subsequent pieces of rib removed from the same animal at 
regular intervals after splenectoni}' The six dogs in Series 5 A, not 
splenectomized and used as additional controls, had exactl) the same 
treatment, including the rib resections and abdominal incisions, except 
that after the spleen was delivered outside the abdomen and traction 
and trauma Avere exerted, such as were estimated to equal those of 
splenectomy, the spleen Avas returned to the abdomen and the Avound 
closed Thus each specimen of marroAv Avas controlled by a specimen 
from the same animal before the splenectomy, as Avell as by the similar 
series of rib resections from nonsplenectomized animals Test exami- 
nation of many specimens from similar parts of the ribs has proved 
that the marroAV from the same relatiA'e position of several ribs from the 
same animal is very similar in cell character and actnuty 

By this method as many as nine specimens of rib marroAV from a 
single animal Avere secured at intervals of from tAvo Aveeks to several 
months during a total iieriod of fifty-four Aveeks’ observation Thus 
in Dog 32 the first rib marroAv specimen, removed before splenectomy, 
Avas the control The second specimen Avas remoA'^ed tAvo Aveeks after 
splenectomy, the third, five Aveeks after, the fourth, nine Aveeks, the 
fifth, seventeen weeks, the sixth, twenty-nine Aveeks, the seventh, 
forty-one Aveeks, and the eighth, fifty-four Aveeks In connection Avith 
this experiment, a nonsplenectomized dog was put through exactly the 
same routine rib resections Avith the same intervals betAveen resections, 
as an additional control 

Before each operation the blood Avas examined for the number of 
leukocytes and erythrocytes, and the hemoglobin estimation Similarly, 
before each operation, a record Avas made of the animal’s general 
condition, the healing of former Avounds. and the Aveight In three 
experiments of Series 5 A, blood smears Avere also made at frequent 
interA'^als to check the types of blood cells and compare them AVith the 
cells seen in the marroAA'^ of the same animals At the end of the 
experiment the animals Avere etherized and necropsy Avas performed m 
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oidci to insuic th.it tlic} \\crc not aflcetccl b} disease or ain factor 
extejit absence of the sjileen 

Great caie was taken to lule out animals in winch a complication 
might mtiodiicc an addition. d factoi afiectmg the marrow Of a series 
of thirtj-nine r.dibits, fourteen wcic excluded from consideiation ow'ing 
to wound infection, “snunic>' pregnane} and so forth Empyema, 
pregnane} and supinir.itive e\stitis of unknown cause required the 
rejection of three dogs ]n a few cases the e\])erimcnts were con- 
tinued m aniimls m which a \er} slight and superficial stitch infection 
occurred In these cases the piesencc of such a factor was noted and 
clearl} marked on the charts so that due significance might he attributed 
to the condition 1 hesc wounds he.nlcd readily, however and if the} 
were of significant influence on the marrow function it could he for a 
brief peiiod onh , and jirohahly at the most no more than one marrow 
sjiccimen was .iflected 

'Ihe anim.ds were kejit on a unifoim diet throughout the experiment, 
except two animals who became so thin and anemic at one period 
shorth after splenectoni} that for .i short time the} weregnen meat and 
milk in addition to the regular diet 

iSone of the animals fin.illy retained as satisfactory for marrow' 
stud} died because of sickness E\ery animal when etherized, except 
Dog 376 appe.ired to he .is healthc as w'hen the experiment was 
begun m lime 1919 This animal appe.ired perfectly health} up to May 
12, 1920, when he died suddenly Necropsy show'ed acute meningitis 
Fnc marrow' specimens, the last of w'hich was taken April 8, w'ere 
retained bec.iuse the animal w'as healthy for a month after these 
specimens w'ere taken The final marrow' specimen w'as not included 
in the repoit because it w'.is probably afiected by the terminal febrile 
infection 

At necropsy not only w'ere numerous specimens of femur and rib 
marrow' taken, hut also lymph nodes and hemolymph nodes w'ere pre- 
sen ed for study A general seaich w'as made for any pathologic 
condition, special attention being given to the chest In no case w'as 
there any sign of empyema or even adhesions from pleurisy 

A separate series of animals w'as studied, using cocam anesthesia, 
in order to determine w'hether the anesthestic is a complicating factor 

PREPARATION OF RIB MARROW SPECIMENS TOR MICROSCOPIC STUDY 

A piece of rib, approximately 4 cm long, is removed midw'ay 
between the spine and the sternum It is advisable to remove a sub- 
sequent specimen of rib marrow from the opposite side of the chest, 
or at least one or two ribs distant from the previous site of rib resection, 
111 order to insure the absence of local inflammatory reaction in the 
region from w'hich a new' marrow' specimen is to be taken 
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The rib marrow specimen is held very firmly against a block of wood 
and IS cut into five pieces with a sharp, fine saw, with care not to squeeze 
out the marrow or injure it, except at the site of actual cutting The 
pieces from each end of the specimen are thrown away because at these 
points the marrow cells are crushed out of their normal relationship 
at the time of operation Three pieces of rib, approximately 1 cm long, 
are thus secuied for fixation and section 

Several methods were tried before satisfactory rib marrow sections 
were prepared by the following steps 

Specimen A small specimen is placed in Zenker’s solution (without 
glacial acetic acid) for twenty-four hours The specimen is washed 
m running water for twenty-four hours The specimen is placed in 
5 per cent nitric acid and is changed daily until the block is soft enough 
to be cut This requires for from three to seven days If the rib has 
a very thick, hard bone cortex, a 10 per cent solution of nitric acid 
IS necessary The specimen is washed in running water for twenty-four 
hours An attempt to facilitate the process of washing out the acid by 
use of sodium bicarbonate solution results invariably in “hazy” or 
“muddy” sections Ordinary tap water is found to give the most satis- 
factory results 

The specimen is placed consecutively m 80 per cent alcohol for 
twenty-four hours, 95 per cent alcohol for twelve hours, absolute 
alcohol for three hours, equal parts of absolute alcohol and cedar oil 
for one hour, cedar oil for one hour, chloroform (two changes) for 
one hour, equal paits of chloroform and paraffin for one hour, and 
paraffin (two changes) for two hours The specimen is then embedded 

Sections The section is made 7 microns thick For staining, the 
section is run through toluene and graded alcohol to water (about 
two minutes in each solution) as follows toluene (two changes) , 
absolute alcohol (two changes), 95 per cent alcohol, 70 per cent 
alcohol , SO per cent alcohol, and distilled water 

The section is left about five minutes in 5 per cent eosin The 
tendency is to overstain with eosin The section is washed through 
two waters The section is stained with polychrome methylene blue 
(Goodpasture’s) for about two minutes The section is immersed in 
95 per cent alcohol (two changes) for about two minutes each It is 
then examined under the microscope If it is too blue, it is again washed 
in 95 per cent alcohol If it is not blue enough, it is returned to the 
water and restained The section is washed with absolute alcohol for 
about two minutes, and xylene or toluene for about two minutes The 
section IS mounted with Canada balsam, after which it is ready for 
histologic study 
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Mr.TiU.n 01 UlCOKUING K\ ATIONS ON HONL MARROW 

Ob'^cixalioii'' imolMiig; a close microscopic stud} of the marrow with 
oil immersion lens ^\crc cssentiall) processes ol comparison Pathologic 
marrow was compaicd with normal , inpcractue marrow^ with a normal 
or sUi^msh marrow \ci\ \tiscnliir m.irrow with relalncK shghtK 
\ascular marrow and a maiked deiisiu of maiiow cells was nnmer- 
icalh compared with a mairow eontainmg a few sLalkrtd marrow cells 
amid masses ot fat cells 

In order to coinjiarc md record marrow findings, the follownng 
s\ stem of grading acti\ it} \ ascnlant} , marrow cell density, and so forth, 
was adopted 

Er}throgenesis Grade 1 is the most sluggish er}throgcncsis 
obser\ed It consists of a field in which most of the cells are primitnc 
cells nneloblasts m}eloc}tcs, and fat cells with a lew scattered normo- 
blasts and megaloblasts as e\idcnce of erythrogenesis Grade 4, on the 
contrar}, indicates the most active t\pe of er\ throgenesis obscr\cd m 
am rib marrow Grades 2 and 3 are intermediate between Grade 1 
and Grade 4 

By much practice it finall} pro\cd possible to grade specimens of 
marrow so that the gradings of the same specimen \aried no more 
than one half of one grade, even though the examinations were made 
weeks apart, so that each subsequent grading was unprejudiced by 
recollection of the preMOUs grading 

Leukogenesis Gradings of leukogenesis were made in exactly the 
same manner as of erythrogenesis 

Vascularity Grade 1 is a marrow' w itli only a few small capillaries 
moderately filled with erjlhrocytes Grade 4 is a marrow containing 
numerous capillaries and sinuses congested wnth erythrocytes Grades 
2 and 3 are intermediate betw'cen Grade 1 and Grade 4 

Cell Density Grade 1 of marrow' cell density repiesents a nb 
marrow' w'lth small islands of marrow cells w'lth considerable fat, 
the bone cortex and bony trabeculae and septums wduch divide the 
marrow' compartments m the nb arc quite thick Grade 4 represents a 
rib marrow containing large islands of dense marrow' cells w'lth little or 
no fat , often these large islands of marrow' cells become confluent and 
the bony septums become fewer and thinner The bone cortex also 
undergoes a change and is thinned out and honeycombed by numerous 
new' small islands of marrow cells Grades 2 and 3 constitute inter- 
mediate grades betw'een Grade 1 and Grade 4 

General Activity General activity of marrow is estimated by 
computing the mean of four factors erythrogenesis, leukogenesis, 
vascularity of the marrow', and density of marrow cells Thus, for 
example, if m a given specimen of marrow', erythrogenesis is esti- 
mated as Grade 3, leukogenesis. Grade 2, vascularity, Grade 2, and 
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Fig 1 (D208) — Specimen of sluggish marroiv, characterized bi the large 
amount of fat, the thick bone cortex, the thick bonv septums, and the small islands 
of marrou cells which honevcomb the bone cortex, X ^8 



Fig 2 (D 239 ) — Specimen of moderately active nb marrow, characterized b^" 
the large amount of fat (white), few marrow cells, the thin bone cortex and 
thin boni septums which separate the islands of marrow cells , X 18 
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denslt^ of marrow tells. Grade 3, ihc general aclivily, b> averaging the 
foil! grades would he tomiinlcd to be Grade 2 S 

Tins IS a purely arbilrart method of recording data, but if the 
obsci vations aie all made by one investigator wdio carefully maintains 
the same giading throughout the stud}, the figures secured furnish 
a coinenient and accurate basis for comparison of diftcrent marrow 
specimens Such .i s} stem of records also jiermits plotting cm ves repre- 
‘'Cntmg marrow' actn itt , and so forth It thus becomes possible to 
present the results of the experiments in a giaphic foim that is 
definite and readiK comprehended 



Fig 3 (D232) — Specimen of \er\ active nb marrow, characterized bj 
few fat cells, many normoblasts and inegaloblasts whose deeply staining nuclei 
gue a dark color to the pliotomicrograph, and large islands of marrow^ cells 
which are confluent in places , X 18 

Nine curves w'ere made for each of the ten splenectomized and 
eight nonsplenectomized dogs (Series 5 A and SB) The nine curves 
plotted for each animal experiment form three groups Group 1 
consists of five curves erythrogenesis, leukogenesis, vacularity, cell 
density, and general activity This group of curves, therefore, indicates 
the condition of the marrow Group 2 consists of three curves the 
white cell count, the red cell count, and the hemoglobin estimation 
These show' the parallel blood findings Group 3 consists of one curve 
and notes which give the animal’s w'eight, general health, condition 
of the wound, and tl e findings at necropsy, all being made to parallel 
the marrow and blood observations 



Figure 4 Figure 11 


Fig 4 (D230) — Specimen of moderately active rib marrow, showing the 
process of formation of new marrow cells m the bone cortex, X 18 

Fig 11 (D230) — Specimen of rib marrow of a dog taken two weeks after 
splenectomy, characterized by the presence m the marrow of m>elocytes, meta- 
myelocytes, mature poliinorphonuclears and the primitne undifferentiated 
mother cells , X 600 



Figure S Figure 6 

Fig 5 (G82) — Specimen of femur marrow of a splenectomized goat taken 
fifteen months after splenectomy, characterized by numerous eosinophilic mvelo- 
cytes and active erythrogenic groups , X 600 

Fig 6 (G 79) — Specimen of femur marrow of a nonsplenectomized goat, 
characterized by a framework of marrow with large fat spaces and few groups 
of er} throgenic marrow cells , X 600 



Figure 7 


Figure 8 


Fig 7 (D 32) — Specimen of rih nnrrow of i dog tnken nine ^\eeks after 
splenecloin\, charnctcrired b\ large spaces which are relatively inactive and 
others which are acr\ actuc, X200 

Fig 8 (D32) — Specimen sliown in Figure 7 at a higiier magnification, 
showing the mixed erjthrogcncsis md Icukogenesis , X 600 



Figure 9 


Figure 10 


Fig 9 (D32) — Specimen of rib marrow of a dog taken seventeen weeks 
after splenectomy, characterized by numerous normoblasts indicating active 
erythrogenesis , X 200 


Fig 10 (D 32) — Specimen shown in Figure 9 at a higher magnification, 
showing the maximum degree of activity after splenectomy , X600 
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A STUDY or Tlin MARROW OT VARIOUS ANIMALS 

It has been customary to use one animal as a control for another 
animal m a study of the marrow For instance, one of two dogs is 
splenectomized At the end of a certain period, six months, for example, 
the two animals are killed b}’’ ether, and their marrows, usually the 
central third of the femur marrow, are compared If the marrow 
of the splenectomized animal is much more active than that of the 
nonsplenectomized animal, it is assumed that splenectomy causes an 
increase m marrow activity 

In my first three series of expeiiments, I undertook to use one 
animal to control another , but certain observations led me to suspect 
that the marrows of appaiently healthy and normal animals differ 
markedly Therefore, I determined to make a special study of the 
question 

Comparisons were made of gross and microscopic specimens of the 
marrows from the centei of the femurs of ten healthy dogs, all approxi- 
mately of the same age and all adapted to laborator} conditions, on a 
standard diet The marrows of five dogs were graded 1 to 1 5, of 
three, 2 to 2 5, and of two, 3 to 3 5 Thus, m a series of ten healthy 
normal dogs picked at random, there was a veiy marked difference in the 
marrows It is appaient that one dog’s marrow cannot be used as a 
control for that of another m laboratoiy experiments, and wdien it is 
considered that the dogs used for experimental purposes are of the 
most varied mongrel bieeds, it is not surprising that their marrow^s 
also vary m character 

A similar study w'as made of the marrow' of the tibias of twelve 
rabbits The erythrogenic activity of the maiiow's of tw'o rabbits was 
graded 1, of six 2, and of four 2 to 3 The leukogenic activity of the 
marrows of seven rabbits w'as graded 1 , of the mariow' of one rabbit, 
1 to 2, of the marrow's of tw'o rabbits, 2 to 3, and of the marrow 
of one rabbit, 3 

These findings show how' varied aie the marrows of individual 
rabbits, even though many of these were fiom the same litter and 
grew up under identical environmental conditions, and that it is unsafe 
to use one rabbit to control another m an experimental study of the 
marrow 

Specimens of marrow' from the ribs midw'ay betw'een the spine and 
sternum were taken from fourteen healthy normal dogs The er}'thro- 
genic activity of the nb marrows of nine dogs w'as graded 1, of two 
1 5, and of three 2 The leukogenic activity of the rib marrows of 
seven dogs was graded 1, of tw'o 1 5, of three 2, and of two 2 5 
Because these experiments demonstrated the fallacy of controlling 
experiments on the marrow' of one animal w'lth the marrow' of another. 
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1 (IcM'^cd a new niclhod of toiUiol as used in Senes 5 of the e\pen- 
inenls 1 he (.sseiuial featuic of this method is the remov.il of a speci- 
men of 111 ) niariow hcfoie splenectoim foi a control of successive 
specimens taken fiom the same animal aftci splenectomy 

insToiot.N oi nil roM m \krow 

In all mam lespects I agicc with the tidmiiablc description of 
mu row cell groups gi\en he Pe.it cc and Kiumhhaai,' wdiose groupings 
weie a modification of tho^.e prc\iousl\ made Bunting'’ Valuable 
desci i])tions of the moiphologv of the cells m the mariow w^ere found 
m (iruiici s^ “ 1 he Paologc of the Blood Cells’' 

Marrow cell gioups aie usualK mixed eiythrogenic and leukogenic 
^ er\ r.ireh a jiuich ei \ throgeiiic oi pinch Iciikogenic group is found, 
hut commonh m groups of niartow cells cr^ throgencsis or leukogenesis 
predominates so l.iigeh <is to justifj the description of the group as 
essenti.ilh one oi the other Aftci ,i close stud} of the function of the 
marrow of the femui and rih of the s.mic animal I have been convinced 
that leukogenesis is moic actue m the rih 

Bccnu''e the nh ni.uiow quickh shows ch.inges m activity and 
icccals small degices of change it is well adapted for study The 
ccntml third of the femur niaiiow on the other hand, is tardy in 
showing- ch.inges m .letnit) , and only after quite marked changes in 
the m.iiiow function elsewhere is theie .i ])ciceptible modification of the 
marrow of the centi.il third of the fcimii For these reasons the rib 
marrow' is a bcttei index of change than the femur marrow' 

observations on the marrow' of the dog did not lead me to 
bchece it to be a seat of active pioduction of lymphocytes Because 
Gulland .ind Good. ill ' describe veiy active lymphogenesis m some 
mariow'S, 1 made a s])ccial study of this matter Specimens of spleen, 
Ij'inph gkinds, hemolMUjih glands and iibs w'ere taken from the same 
animal Direct comjiaiison of similarly stained specimens w'as made 
betw een know'ii lymphocytes in the spleen and glands with lymphocyte- 
hke cells m the marrow', the miciometer w'as frequently used to com- 
pare exactly the relatne sires By such a direct comparison of cells m 
specimens arranged under adjacent micioscopes, I was convinced that 
a few lymphocytes occur in the marrow' and are, apparently, generated 
there A significant degree of lymphogenesis was observed, however, 

3 Bunting, C H Experimental Anemias in the Rabbit, J Exper Med 
8 625-646, 1906 

4 Gruner, O C The Biology of the Blood Cells, with a Glossary of 
Hematological Terms, Bristol, J Wright and Sons, 1913 

5 Gulland, G E , and Goodall, A The Blood, a Guide to Its Examination 
and to the Diagnosis and Treatment of Its Diseases, Edinburgh, W Green 
and Sons, 1914, p 96 and p 110 
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in isolated marrow specimens of two animals only It appears that 
lymphogenesis can occur m the marrow and that a slight degree may 
be common, but a noticeable active lymphogenesis is lare 

One very interesting phase of the histology of the marrow is the 
method by which the rib marrow inci eases its capacity This increase 
IS accomplished by several changes which may operate separately or 
all together The earliest and most common method is for mariow 
ceils to replace the fat cells, which are abundant in a sluggish marrow 
If there is a continued demand for hyperplasia and hyperactivity of 
the nb marrow beyond that which can be met by simple replacement 
of fat cells by marrow cells, an enlargement of the rib marrow cavity 
IS produced by a thinning of the bone cortex and the bony septums 
which divide the rib cavity into compartments This process consists 
of not only a general thinning of the bone cortex of the rib, but also 
of a “honey-combing” by small islands of marrow cells which become 
larger as hyperplasia increases When specimens were prepared from 
nb resections soon after splenectomy, it was necessary to use a sharp 
saw and cut through quite a hard, thick bone cortex, but as hyper- 
plasia increased m the nb marrow, the nb specimens became changed 
so that at times it was even possible to cut the nb sections with a knife 
instead of a saw, and even macroscopically the thinning of the bone 
was evident 

As the nb marrow space was thus increased in size, there were 
simultaneous changes in the character of the marrow cells therein In a 
sluggish marrow most of the cells are primitive cells, myeloblasts and 
myelocytes, normoblasts, megaloblasts, and metamyelocytes are few 
But as the marrow becomes active there is a greater preponderance of 
these intermediate foims Large numbers of megaloblasts and normo- 
blasts mean an active erythrogenesis Numerous metamyelocytes fringed 
by more mature leukocytes are likewise interpreted as a sign of active 
leukogenesis When a series of eight or nine man ow specimens, taken 
at regular intervals during a year or more aftei splenectomy, is studied 
under the microscope so as to trace the marrow changes step by step, 
it is of fascinating interest to observe how hyperplasia and hyperactivity 
are accomplished at the same time (Figs 1 to 11) 

DETAILED SUMMARY OF FINDINGS 

A summary of the observations regarding the influence of splenec- 
tomy on the bone marrow is essentially an analysis of the charts (Figs 
12 to 20) on which the data have been concentrated One of the series 
of protocols has been appended as a typical illustration of the experi- 
mental procedure and the manner of recording data 

Changes m the Erythrogemc FtmcHon of the Mai i ow Aftei Removal 
of the Spleen of a Noinwl Animal — If the findings relating to the nb 
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manow cliangcs m the six splenectomizecl animals of Series 5 A 
(opcialcd on under ether anesthesia) aie correlated, the average erythro- 
genic ic.iction may he siimnian^ed, as in the accompanying table and 
in Figiiic 12 

1 riicrc IS, on the aAeiage, a latent period of four weeks before 
an increase in erythiogemc activity is observable 

2 Increased cr\ tin ogenesis, first observable about four weeks after 
splcnectonn, attains its maximum degree of activity after from eight 
to twehe necks 

3 jMaximal ervthrogcnic activity, attained about twelve weeks after 
splcncctonn peisists piactically unabated for about twelve weeks 

4 Ihcieaftci the production of red blood cells decreases gradually 
until a jicriod \arMng from twenty-eight w'eeks to one year or more 


llu\Tiiuo(,i M SIS IN TiiL IvIaruow 01 Six Docs Aftfr Splenectomy 



nu 

new 

Cnsi 

n 207 

D.OS 

D 979 ‘ 

enge 

1 lint licfon oil 1 rt ilili 
lncrcn«c In critliio 
Ronc'Is 

■ to 'I 
wpcVs 1 

2 to 4 

1 wetks 

2 to 4 
weeks 

5 to 0 I 
1 ^\ccVs 1 

8 to 12 
weeks 1 

0to2 

weeks 

About 4 
weeks 

'limp Winn iniiNlmnl pnlli 
ro(,( iir-ls K n iclitd 

1* 

wioL*' 

E 

wctk= 

8 

wtek- 

1 13 

1 w ecks 

1 13 

w ecks 

2 ^ 
eoJvS 

8 to 12 
weeks 

DiiriiUon of mnxlmnl 1 
crjtliro(,<ii('‘'l« 

C ' 
wecLs 

’Oto’i 

1 weeks 

9 to 12 
weeks 

f> to 8 ! 
1 weeks 

12 to 20 
weeks 

' 1 

15 to 20 

1 weeks 

12 

weeks 

Time whin trjtliroRcncsls 
lins (kcreii'eil to fnirlj 
constiint dtfcrct (somo- 
wliat aboic normal) | 

20 

weeks 

« 

1 

20 

weeks 

33 ' 

weeks 

1 

! 

1 1 

44 1 

weeks 

t 

28 or 
more 
weekst 
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i I rythroBcnesIs still ttrj acthe on completion of the experiment at the forty fourth 
wect 

after splenectomy, when it reaches a more or less constant degree of 
activity, wdnch, however, is still considerably above normal, that is, 
above the degree of erythrogenesis observed m the marrow^ of the same 
animal m a specimen removed before splenectomy 

5 Increased erythrogenesis is observable in the marrow for a period 
of four weeks or more before any reduction in the anemia following 
splenectomy is evident This is graphically illustrated by the respective 
curves on the charts (Figs 13, 14, and 17), the erythrogenesis curve 
rising at times in advance of the hemoglobin and erjUhrocyte curves 

6 A further comparison of erythrogenesis with other factors, 
which ivere studied at the same time, show^s certain very interesting 
parallelisms On the one hand, erythrogenesis, marrow vascularity, 
and marrow cell density simultaneously increase, and on the other 
hand, the hemoglobin, the red cell count, and the animal’s weight form 
a group with curves running remarkably parallel courses, first doivn- 
ward, during the development of the anemia, and then upward until they 
reach or exceed a normal level 
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Chmiges m the Lenkogeme Function of the Manow Aftei Removal 
of the Spleen of a Noinial Annual — Three of the six animals whose 
spleens Avere removed undei ether anesthesia showed a spectacular 
increase m marrow leukogenesis This reaction, occurring in only 
50 per cent of the animals operated on under ether anesthesia, occurred 
immediately, and lasted only' for fiom two to five weeks after 
splenectomy 

If in conjunction with the foregoing observations of the rib marrow 
the leukogenic reaction in the marrow of the tibias of twelve splenec- 
tomized rabbits, studied after the effect of ether anesthesia had 
presumably subsided, is consideied I am inclined to believe that splenec- 
tomy' Itself IS a factor in the cause of increased marrow leukogenesis 
The ether used as an anesthetic for splenectomy seems to be at least 
a contributing factor in causing the leukogenic reaction This question 
of the real cause of the spectaculai increase in leukogenic activity 
after splenectomy' will be considered more fully in the discussion which 
follows 
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Fig 12 — Average reaction of the rib marrow after splenectomy 


There is an exact parallelism between the high leukogenesis in the 
marrow and the concurrent high leukocy'tosis in the blood stream 
(Fig 13) 

Changes in the Tibia Manozv of Rabbits FoUozuing Splenectomy — 
The findings in the study of rabbit marrow were chaited and retained 
in this report to illustrate two points (1) the very marked differences 
in the marrow of apparently healthy animals so that comparisons appeal 
to conflict in most respects, and (2) the increased leukogenesis in the 
marrows of the twelve splenectomized rabbits during the first few 
months after splenectomy when compared with the inarroAVS of thirteen 
nonsplenectomized rabbits (Figs 19 and 20) 

Changes in the Mauotv in the Conti ol Animals — The study of the 
marrows of many nonsplenectomized animals at intervals of from six 
to fifteen months revealed the variations from time to time in the 
marrows of normal animals There is some fluctuation of the curves 
(Figs 15, 16, and 18) which suggests that hemopoiesis is somewhat 
periodic, but in general the cuives run as constantly level and parallel 
as could be expected, considering that the observations extended through 
different seasons of the year and included many' minor and unaA'Oidable 
variations of environment 
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Fig 19 (Composite chart) — Clianges m the marrow of the tibias of tw'elve 
nonsplenectomized rabbits 



Fig 20 (Composite chart) — Clianges in the marrow' of the tibias of thir- 
teen splenectomized rabbits 


COM MENT 

It has been clearly established that removal of the spleen of a healthy 
animal is followed by hyperplasia and hyperactivity of the marrow 
which begins soon after splenectomy and persists for more than a 
year, at least This reaction, however, may not be primarily the result 
of absence of the spleen It seems moie probable that the activity of 
the marrow is secondary to the anemia, which follows removal of the 
normal spleen, and is compensatory to that anemia 

It IS remarkable that a definitely increased erythrogenesis in the 
marrow may precede, by several weeks, any signs of a reduction of the 
anemia following splenectomy It is, of course, logical that signs of 
increased production of red cells in the marrow should precede evidence 
of improvement in the blood, as cause precedes effect, but the fact that 
a very active erythrogenesis so long precedes a reduction of the anemia 
indicates that whatever destructive agent becomes active after removal 
of the spleen, it is so potent that its effect can be compensated onl}' by 
prolonged hyperactivity and hyperplasia of the marrow 

The presence of a prompt and markedly increased marrow activity 
after splenectomy shows that postsplenectomy anemia is due to no fault 
of the marrow The presumption is, rather, that some extramedullary 
factor, possibly an hemolysin, is the cause Warthin ® has suggested 

6 Warthin, A S The Changes Produced in the Hemolymph Glands of 
the Sheep and Goat by Splenectomy, Hemolvtic Poisons, and Hemorrhage, 
J M Research 7 435-463, 1902 
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that after removal of the spleen there is excessive hemolysis in the 
lymph nodes which often hypertrophy Since the spleen is a main site of 
antibody production/ it is possible that after splenectomy the ordinary 
hemolytic factors act unchecked and unregulated Whatever the cause 
and mechanism of postsplenectomy anemia, it is overcome by an 
increased activity of the marrow It is possible that the effect of the 
presence of a destructive factor or the absence of a “favorable factor,” 
normally present, gradually subsides or entirely disappears a few weeks 
after splenectomy so that the marrow has onl}’ to overcome a temporary 
disadvantage The increased resistance of the erythrocytes after splenec- 
tomy IS also a factor which probably aids in recovery from post- 
splenectomy anemia, especially as this increased resistance improves 
with the length of tune after operation 

The corresponding increase in the red and white blood cells in the 
blood stream that accompanies an abundance of normoblasts, megalo- 
blasts, and metamyelocytes in the marrow is strong evidence that new 
blood cells are being rapidly manufactured somewhere, presumably 
m the marrow It occurred to me that the lymph nodes might be the 
site of active production of blood cells in the absence of tbe spleen 
I, therefore, removed specimens of axillary and mesenteric lymph glands 
from each animal While there were, occasionally, very noticeable signs 
of hyperplasia m the lymph nodes and collections of normoblasts m 
some germ centers which were at least sery suggestive of moderately 
active hemopoiesis I did not observe extensive manufacture of blood 
cells, at least the action could not be compared with the extremely 
marked changes consistently observed in the marrow The parallelism 
of changes in the marrow and in the blood stream is so exact that an 
intimate causal relationship seems certain The objection may be made 
that there is no real increase of blood cells, but only a decreased destruc- 
tion Such an interpretation is not supported, however, by observations 
after removal of the normal spleen All the evidence points rather to 
an increased destruction of red cells Splenectomy for hemolytic 
jaundice, however, is a striking example of a decreased destruction 
of cells after removal of a presumably diseased spleen 

While I am convinced that this hypothesis is correct, that is, that 
increased vascularity, increased marrow cell density, and particularly 
the presence of numerous groups of normoblasts, megaloblasts, and 
metamyelocytes are evidences of increased marrow function, I must 
admit that such marrow changes might be explained, theoretically, on 
the basis of a heightened threshold of cell output, a delayed release of 

7 Hektoen, Ludvig On the Formation and Fate of Antibodies, Harvey Lec- 
tures, Philadelphia, J B Lippincott Company, 1910, pp 150-191 
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cells from the marrow into the blood stream, by a retarding of the rate 
of marrow cell development, or both these factors combined to produce 
an accumulation of cells in the marrow, as suggested by Ashby * 

investigations have been limited to a study of marrow 
changes which follow removal of the spleen of healthy and apparently 
perfectl}”^ normal animals What occurs m the marrow after removal 
of a diseased spleen or the spleen of animals affected by such diseases 
as pernicious anemia, Banti’s disease, kala-azar and leukemia, may be 
fundamentally different If, for example, in pernicious anemia, splenec- 
tomy IS followed by a long continued hyperplasia and erythrogenic 
hyperactivity, such as is known to follow removal of the spleen of a 
normal animal, we may have the explanation why some patients with 
pernicious anemia ha^ e shown a definite and quite lasting improvement 
after splenectomy, as reported recently by Giffin and Szlapka,® and by 
Giffin 

The question of the influence of ether on the marrow is puzzling 
I planned to study this problem in a series of four animals, two splenec- 
tomized and two nonsplenectomized, using cocain anesthesia during 
splenectomy and resections of the rib Ether does not appear to be a 
significant factor with regard to erythrogenesis The splenectomized 
animals show the same increase m erythrogenesis when ether was used 
as when cocain was used The nonsplenectomized animals, equally 
subjected to ether and cocain, failed to show a considerable increase of 
erythrogenesis Thus, splenectomy, or its resultant anemia, is clearly 
the precursor, and apparent cause, of increased erythrogenesis In the 
study of the relation of the anesthetic to leukogenesis, however, indi- 
vidual variations are so marked and the leukogenic reaction so incon- 
stant that it seems doubtful whether a series of four animals operated 
on under cocain anesthesia is large enough to cover individual variations 
My data suggest that ether is a very important factor in the stimula- 
tion of leukogenesis But the fact that none of the control animals 
showed a marked change in leukogenic activity, although they were 
subjected to the same degree and length of ether anesthesia as the 
splenectomized animals, is evidence that brief ether anesthesia alone is 
insufficient to affect the leukogenic function of the marrow Mann 
has observed that leukocytosis usually follows prolonged ether 

8 Ashby, Winifred Study of Transfused Blood II Blood Destruction in 
Pernicious Anemia, J Exper Med 34 147-166 (Aug ) 1921 

9 Giffin, H Z, and Szlapka, T L The Treatment of Pernicious Anemia 
by Splenectom}', J A M A 76 290-295 (Jan 29) 1921 

10 Giffin, H Z Present Status of Splenectomy as a Therapeutic Measure, 
Minnesota Med 4 132-138 (March) 1921 

11 Mann, F C Some Bodily Changes During Anesthesia, JAMA 
67 172-175 (July 15) 1916 
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anesthesia, that is, after three or foui hours, without the removal of 
any organ His study, howevei, was limited to the blood changes The 
concurrent marrow function can only be inferred from the changes 
seen m the blood stream 

It should be borne m mind that m my series of experiments obser- 
vations of the marrow were not made earlier than two weeks after 
anesthesia and splenectomy It is possible that the time of observation 
was too far removed from the time of stimulus to note the reaction 
Further investigation is necessary to arrive at definite and clear cut 
conclusions regarding the efifect of an anesthetic on leukogenesis It 
IS ceitam that the erythrogemc reaction observed in the marrow is 
independent of the anesthetic 

It has been suggested that the marrow reaction which follows 
splenectomy may be really secondary to the anemia which is known 
to follow removal of the normal spleen It is possible that severe 
hemorrhage or repeated small hemorrhages may cause the same marrow 
changes as lemoval of the spleen Drinker, Drinker and Kreutzman,^® 
in their study of the influence of hemorrhage and infusion, noted m 
their posthemorrhagic cases a hyperplasia of the marrow with extension 
into the shafts of the long bones of erythrocyte-beanng tissue and 
many islands showing erythrogemc activity 

Thus hyperplasia and hyperactivity of the marrow after splenectomy 
are probably physiologic responses to a demand for more blood cells 
and may have no direct relation to the absence of the spleen Moreover, 
the long persistence of this marrow reaction, a persistence of hypei- 
function which far exceeds the duration of postsplenectomy anemia, may 
be likewise an expression of the law of regeneiation in excess 

summary 

My conclusions regarding marrow changes after removal of the 
spleen are based on a series of experimental studies of twenty dogs, 
forty rabbits, and two goats during a period of approximately two 
years 

The new method of marrow study which I devised for this senes 
of experiments consists of five essential features (1) a nb marrow 
specimen removed before splenectomy is used as a control for a series 
of subsequent specimens removed at intervals after splenectomy (2) 
Series of similar nb marrow specimens from normal nonsplenectomized 
dogs furnish an additional control for the experiments (3) Rib 

12 Drinker, C K , Drinker, Katherine, and Kreutzman, H A Influence 
of Procedures Designed to Increase the Rate of Blood Flow Through the 
Blood-Forming Organs — Hemorrhage and Infusion, J Exper Med 27 383-397 
(March) 1918 
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maiiow specimens iemo\ed at fiequent intervals after splenectomy 
give a connected picture of mairow changes (4) The observations 
on the mairow aie correlated with parallel observations on the blood 
and on the geneial condition of the animal (5) Ether anesthesia and 
cocain anesthesia are used in sepaiate series of experiments in order 
to test the influence of the anesthetic on the marrow 

Removal of the spleen of a normal animal is followed by definite 
h}perplasia and hypertiophy of the marrow The most constant and 
the most impoitant change in the mariow is an increased production 
of led blood cells which is clearly observable, on the average, within 
tour weeks after splenectoinj and which giadually increases to the 
maximum about the end of the twelfth week This maximum degree 
of actiMty persists for about twehe weeks and then gradually subsides 
Increased production of the white blood cells is sometimes spectacular, 
It occuis almost immediately aftei splenectomy, but it is not only 
inconstant but also temporary (Fig 12) 

The reaction of erythrogenesis m the bone mairow clearly is 
independent of any of the anesthetics used The series of experiments 
was too small for conclusn e findings with regard to the effect of the 
anesthetics on leukogenesis 

The mariow reaction which follows splenectomy probably is 
secondary and compensatory to the anemia which follows removal of 
the normal spleen, thus representing a physiologic response to a demand 
for more blood cells It may have no direct relation to the absence of 
the spleen The persistence of this marrow reaction, which far exceeds 
the duration of postsplenectomy anemia, may likewise be an expression 
of the law of regeneration in excess 

PROTOCOL * 

Dog 32, a mongrel terrier, m good condition, weighed 9 2 kg July 11 
1919, the erythrocytes numbered 8,000,000, the leukocytes 13,050, and the hemo- 
globin was 80 per cent 

July 14, under aseptic conditions the spleen and a piece of the rib on the 
right side were removed The specimens were preserved m Zenker’s solution 
The spleen weighed 22 gm Examination of the first specimen of rib marrow 
showed large islands of marrow cells and many erythrocytes A few normo- 
blasts indicated sluggish erj throgenesis Leukogenesis w^as more active 
There was a small central cavitr well filled w'lth marrow' cells The bone 
cortex was thick and honeycombed with small islands of marrow cells The 
vascularity was graded, 1, activitj, 1, erythrogenesis, 1, leukogenesis, 1, and 
density 2 

July 28, the erythrocytes numbered 3,736,000, the leukocytes 31,900, and 
the hemoglobin was 65 per cent 

August 1, a second specimen w'as removed under ether anesthesia The 
operation lasted twelve minutes Examination of the specimen showed numer- 
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ous normoblasts suggesting some erythrogenic actn itj', but leukogenesis greatly 
predominated The marrow was definitch more active than that of the first 
specimen, the control specimen, its leukogenesis was \ery high The vascu- 
larity w'as graded 2, activity 3 to 4, ervthrogentsis 1, leukogenesis 3 to 4, 
and density 2 

August 12, the dog appeared to be in good condition although thin The 
blood was thin, but the w'ounds had healed without infection The erythro- 
cytes numbered 3,296,000, the leukocjtes 14,700, and the hemoglobin w'as 35 
per cent 

August 13, a third specimen was removed from the left side, midw'ay between 
the spine and sternum The pleura was not injured Examination showed 
large islands of active marrow' cells Leukogenesis definitelj' predominated 
over erythrogenesis The bone cortex was still thick but the cavity was 
almost solidly packed with marrow' cells The vascularitj was graded 2, 
activity 2 to 3, erythrogenesis 1 to 2, and dcnsitj 2 to 3 In general, the third 
specimen was about the same as the second 

September 9, the wounds w'ere clean, the animal was \er\ thin weighing 
only 5 5 kg The erythrocvtes numbered 4,290,000, the leukocytes 20,000, and 
the hemoglobin w'as 40 per cent 

September 10, a fourth specimen was remo\ed without injury to the pleura 
The operation lasted twelve minutes, under brief ether anesthesia Examina- 
tion of the specimen showed large islands of marrow' cells w'lth active hemo- 
poiesis Leukogenesis still predominated o\er erythrogenesis, however, the 
latter had definitely increased over that in the second and third specimens 
The specimen showed a marked contrast to the first specimen, the marrow 
core was almost a solid mass of active marrow cells , the bone septums were 
few and thin, and the marrow islands w'ere all confluent into a solid core The 
vascularity was graded 3, activity 3, erythrogenesis 2, leukogenesis 2 to 3, and 
density 2 to 3 The definite increase in erythrogenesis w'as now' equal to the 
leukogenesis 

October 4, a review examination of the four specimens w'as made with a 
special bifocal microscope The notes and drawings are omitted because the 
findings essentially corroborated those of former examinations 

November 4, the dog weighed 7 8 kg , its condition was good The erythro- 
cytes numbered 5,070,000, the leukocytes 15,800, and the hemoglobin was 50 
per cent November 5, the fifth specimen w'as removed Examination showed 
an active, dense mass of marrow cells The vascularity w'as graded 3, activity 
3 , erythrogenesis 3 to 4, and density' 3 Three other slides of the same specimen 
gave the same formula 

Jan 28, 1920, the dog weighed 8 3 kg , it was thin and listless, but the 
wounds had healed without infection The ery'throcytes numbered 3,610,000, 
the leukocytes 24,300, and the hemoglobin was 50 per cent The sixth specimen 
was removed from a point midway' between the spine and sternum Examina- 
tion showed the marrow less active than that of the fifth specimen There was 
slight fibrosis The vascularity' was graded 3, activity' 2 to 3, erythrogenesis 
2 to 3, leukogenesis 2, and density 2 to 3 

April 21, the dog weighed 9 9 kg, its condition was good The erythro- 
cytes numbered 3,800,000, the leukocytes 28,000, and the hemoglobin was 58 
per cent April 22, the seventh specimen was removed Examination showed 
large marrow cell islands, active and dense The bone cortex was still quite 
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thick, but it had been much honeycombed bj small islands of marrow cells 
The vascularity uas graded 3, activit}' 3, erjthrogenesis 3, leukogenesis 3, 
and density 3 

July 13, the dog \%eighed 9 4 kg , its condition was good although it was 
anemic The erythrocjtes numbered 4,790,000, the leukocytes 13,950, and the 
hemoglobin was 68 per cent July IS, the animal was etherized and an imme- 
diate necropsy performed Specimens of rib marrow from numerous places, 
all midway between the spine and the sternum, specimens of marrow from the 
central part of the femur, the hemolymph nodes, the mesenteric and axillary 
hinph nodes, and the li\er were all sent to the laboratory m Zenker’s solu- 
tion The hemolymph nodes seemed to be slightly hypertrophied, the largest 
i\as 4 mm m diameter The thorax was free from adhesions and signs of 
infection, the pleura uas smooth and shiny everywhere m spite of the numer- 
ous rib resections The animal seemed to ha\e recovered entirely from the 
severe anemia The \ascularity of the eighth specimen was graded 2, activity 
3, erythrogenesis 2 to 3, leukogenesis 2 to 3, and density 2 
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primarily to nerve injury Still others comment on the more or less 
constant association of piimdi} muscle mjur} and nerve lesions in 
these cases 

The pathologic condition found in the muscles of patients with 
Volkmann’s ischemic paralysis has been described by Leser and Powers 

Powders described tbe muscles as ibey appeared in a patient operated 
upon sixteen months after tbe onset of the disease The muscles 
w'ere pale red and very tough and fibrous Microscopic examination 
revealed a great hyperplasia of conneclne tissue around and between 
the bundles of muscle fibers Tbe connectne tissue was dense and 
consisted chiefly of adult connectne tissue fibers containing a moderate 
number of blood vessels, most of ivbich had well developed w’alls This 
fibrosis w'as so complete that in many areas no muscle tissue was 
present Muscle tissue ajipeared atrophic and fragmented Many 
fibers had lost their nuclei and transverse striations, having the appear- 
ance of broad ribbons of delicate fibrillar tissue Other fibers had a 
glassy homogeneous appearance, woth a marked affinity for acid stains 
Their appearance and reaction strongly suggested hyaline degeneration 
Osmic acid preparations show’ed a moderate amount of fatty infiltration 
of the connective tissue No fatty degeneration of muscle fibers ivas 
found 

Leser described the appearance of muscle tissue removed from a 
patient suffering with a Volkmann’s contracture of six weeks’ duration 
or longer In gross the muscle rvas much palei than normal On micro- 
scopic examination the muscle fibers shouted evidences of degeneration 
manifested by breaking up of the fibers into Bowmian’s disks, loss of 
muscle nuclei and marked decrease in the size of the muscle fibers 
There wms no fatty degeneration of the muscle There were evidences 
of an acute inflammatoiy reaction manifested by a marked leukocytic 
infiltration There was also a marked growth of very cellular con- 
nective tissue, which in many’’ areas had completely replaced muscle 
tissue The author describes in detail the endothelium of small vessels 
It was not flat but thick This he interprets as being due to the fact 
that endothelial cells are elastic, and, hence, w'hen the blood pressure 
in small vessels ivas decreased, the endothelium became much thicker 
He states that the changes seen in the muscle indicated two processes at 
work (1) degeneration of the muscle tissue, (2) a marked inflam- 
matory process in the muscle 

In addition to the paraly'sis and contractures which folloiv the 
application of constricting bandages, paralysis follownng ligature of 
large arteries for w'ounds has been described by Sherril,” Hirschmann 

9 Shernl Old Dominion J 18 113, 1914 

10 Hirschmann Zentralbl f Chir 44 239, 1917 
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Verdeht,“ Bui rows and Leiiche Lenche believed that the paralyses 
were not due so much to the actual damage to the artery as to the 
accompanying vasomotor neives Desplats and Buquet thought the 
paralyses were due to temporary or permanent ischemia of the terminals 
of the neives Buriows thought the paralyses and anesthesias follow- 
ing the ligature of large arteries were both of ischemic and reflex 
nature In the former theie was complete cessation of the pulse m the 
large arteries, subjective sensations of pins and needles, stocking and 
glove anesthesia and muscular paralysis with the muscles hard and 
inelastic In the reflex paralysis the pulse m the larger arteries was 
not completely lost There were no subjective sensations There was 
widespread anesthesia and musculai paralyses in which the muscles 
were soft and flaccid 

In a single case in which extensive paralysis followed ligature of 
the popliteal artery, the gross and microscopic appearance of the 
paralyzed muscles, from eleven to fourteen days after the injury, was 
described The muscle gave the appearance of an anemic infarct The 
muscle fibers and interstitial tissue stained a uniform pink with eosin 
The muscles showed extensive degeneration Some preserved their 
striae but no nuclei Others appeared as granular masses Some were 
broken transversely into disks and others split longitudinally into 
fibrillae The interstitial tissue was edematous and almost no nuclei 
were seen Thoe ivas but a slight tiace of m flam mot oi y reaction 

TineP'* writes concerning ischemic paralysis thus 

In the first phase of ischemic paraljsis of the upper extremity the affected 
limb IS edematous, C3anosed and cool After a period of two or three months, 
there is fibrous transformation of this edema This progressive sclerosis makes 
the subcutaneous cellular tissue puffy, ln^ades the dermis, contracts the muscles, 
hardens the aponeuroses submerges the tendons and sjnovial sheaths into a 
veritable fibrous mass gn es the tissue a woody consistence, and finalp transforms 
the hand into a fibrous bat With this characteristic appearance are associated 
certain signs There is a complete absence or marked diminution in the radial 
pulse with a much lower blood pressure than on the nonaffected side There 
is almost always pain, accompanied bj^ subjective sensation, as burning, tingling 
or formication Deep pressure or contact with heat or cold is often very painful 
Some cases of ischemic paralysis are almost free from pain In contrast with 
this painful sensibilitv which appears to be deep seated, there is usually consid- 
erable anesthesia affecting all the superficial sensations The anesthesia 
predominates at the extremity of the limb and decreases toward its origin 
The electrical reactions of the muscles are profoundly disturbed We find the 
typical reaction of degeneration, particularh hj'perexcitability, sometimes with 
abolition of all electrical excitabilitj^ This is rather the s\ ndrome of fibrous 


11 Verdeht J de med d Bordeaux 87 SO, 1916 

12 Burrows, H Brit M J 1 199 (Feb 16) 1918 

13 Lenche Rev d med 30 578, 1916 

14 Tmel, J Nerve Wounds, New York William Wood & Co, 1917 
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transformation of the nuisclcs The muscles may react onij to a \crj intense 
current There is no polar nnersion and often stimulation of the ner\e at a 
distance provokes mo\emcnts more rcadih than does excitation of the muscle 

It would seem, theieforc, fiom these clinical observations that there 
was such a thing as a paial3^sis of muscles following an obstruction of 
the blood suppl}^ to these muscles, and that the paralysis might be 
independent of injtiiy to neive trunks The evidence, however, for 
such a conclusion is not complete since the possibility of injury to 
nerve ti links has always to be considered in instances in which wounds 
of vessels have occuiied or instances, in which constiicting bandages are 
applied to an extremity It is w'orth while noting here that actual 
paialysis of muscles is not noted in a collection of ligations of great 
vessels, such as, foi examjde, in that of Halsted’s collection of 
instances of ligation of the common iliac arter}'-, although gangrene of 
the extremity wxas noted in a consideiable numbei of instances Further- 
more, paralysis of muscles does not accompany progressive obliteration 
of aiteries in ai teiiosclerosis even wdien the occlusion is so extensive 
as to cause gangi ene 

Theie are tw'o distinct phases of ischemia wdiich have not been 
difterentiated The arterial blood supply to an extremity may be 
markedly decreased over an indefinite period oi the extremity may be 
completely deprived of blood for a limited peiiod only The suscepti- 
bility of the various tissues concerned to these different types of 
ischemia has not been studied 

The lesults of the obstiuction of the veins alone or the arteries 
alone of an isolated muscle have not been studied 

EXPERIiMENTS WITH TOURNIQUETS, SPLINTS, AND PLASTER BANDAGES 

Three experiments m winch constiicting bandages were applied to 
the extremity were earned out In one instance a tight muslin bandage 
was applied above the elbow of a dog and left in place foi tw’^enty- 
four houis The animal was given fiequent doses of morphin in order 
to prev'ent as much as possible the severe pain wdnch would seem almost 
certainly to accompany such a procedute At the end of this time, the 
extremity distal to the bandage was very much swollen and cold I he 
bandage was removed The swelling promptly disappeared and no 
paralysis was observed In another experiment a very tight Esmarch 
rubber bandage was applied above the elbow of a dog and left in posi- 
tion for a period of five hours When it was removed there was 
complete paralysis of the muscles of the extremity distal to the bandage, 
and, apparently, a marked impairment of sensation The animal was 
allowed to live for a period of three weeks, during which time the 
paralysis remained complete The muscles, however, remained soft 
and flaccid, and microscopic examination levealed nothing more than 
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the elect case in size of llie fibeis and the loss of definition of the stna- 
lion ^\hlch IS seen aftei neive section In another experiment a tight 
riihbet bandage was applied abo\e a dog’s elbow and left m place for 
fi\e hours A complete paralysis of the fore leg resulted The animal 
was ancslhctired on the follow'ing day and the nerves and muscles 
exposed It was found that stimulation of the nerve trunks above the 
le^eI of the tourniquet caused no muscle contractions, while stimulation 
of the same neives below' the level of the tourniquet caused prompt 
conti action of the muscles 

hrom these and a few othei prehminaiy experiments, it seemed that 
with ail) method of constiiction of the entire extremity it was difficult 
to separate the eflect of diiect pressme on the nerves and the circu- 
lator) disturbance of the ^allous tissues as causes of any paralysis 
obtained Furthermore, the degree and character of circulatory dis- 
turbance could not he conti oiled 

nxPLRnn xts nx w'lncii tiilrc w'as plrmanent obstruction 
or Tin: pRntARv arteries or an extremity 

'I he circulation in the dog is of such a nature that ligation of any 
single, large, jieripheral .irtery produces no disturbance in circulation 
of sufficient degree to alter the function of an extremity A marked 
disturbance in the function of the posterior extremities, however, does 
follow' ligature of the abdominal aorta betw'een the origins of the 
inferior mesenteric and iliac arteries The function of one posterior 
extremit) may be altered by unilateral multiple ligations of the terminal 
branches of the aorta That this disturbance in function is not due to 
any disturbance in circulation in the spinal cord is clearly show'n by 
the fact that none of the arteries ligated send any branches to this 
structure, and, furthermoie, the artery may be obstructed for several 
hours and on removal of the obstruction there may be a complete 
recoiery from the paralysis Ihis is in contradiction to the known 
fact that the brain and cord w'lll not recorei function after much 
shorter periods of anemia 

REPORT or EXPERIMENTS 

E\p^RIM^^T 101 — Dog 41, a large female, was operated on under ether 
anesthesia. May 19, 1921 The abdomen was opened , the aorta was ligated proxi- 
mal to the origin of the iliac arteries and the abdomen was closed Five hours 
after operation, the animal was standing in the cage Both thighs uere warm 
The legs and feet were “cool” but not “cold” Tw^entv-four hours after oper- 
ation the animal was taken from the cage It walked wnth the hind legs held 
rather stiffly, but it started walking wuth ^ery little difficulty After walking 
about 100 feet (30 5 meters) the hind legs began to “gwe w'ay” , and after a few 
minutes of effort to w'alk the hind legs became apparently completeh useless The 
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animal was allowed to rest for three hours, after which the experience described 
above was repealed At this time the disabiht}' appeared after somewhat 
more exertion 

After three days the animal was apparentl\ quite normal and did not show 
any evidence of weakness in the hind legs after fifteen minutes walking Four 
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Fig 1 — Photomicrograph of a cross section of the tibialis anticus muscle 
fourteen daj's after ligation of the primary arteries of the extremity, showing 
an area of degeneration of the muscle The area of degeneration is sharply 
circumscribed There is no evidence of acute inflammatory reaction in the 
area of degeneration or in the surrounding nondegenerated muscle See descrip- 
tion of Experiment 37 

months after operation, the animal was apparently perfectly normal It was 
killed The left femoral artery was divided in the midthigh and the proximal 
stump injected wnth a thin paste made of freshly precipitated barium sulphate 
A roentgenogram of the entire animal showed a complete injection o^ all the 
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arteries of the boclj The paths of comnuinication between the proximal and 
distal stumps of the ligated aorta \\as through the anastomoses of the mammary 
and the deep epigastric arteries These anastomotic arteries la\ m the rectus 
abdominis muscles Tbe communicating branches were surprismglj few m 
number and small in sire It \\as most remarkable to find that such a small 
arterial communication between the heart and the arteries of the pelvis could 



Fig 2 — High power magnification of the degenerated area shown in Figure 1 
The absence of leukoc} tic infiltration or fibrous tissue formation may be noted 


preser\e the apparently perfect anatomic and functional integrity of the entire 
posterior half of the bodj 

Expcrimpxt 37 — Dog 73, w’as operated on, March 4, 1921, under ether anes- 
thesia The abdomen w'as opened and the aorta ligated distal to the origin of the 
iliac arteries, the left iliac arter 3 ' was ligated and the abdomen was closed An 
incision was made m the middle of the left thigh and the femoral arter 3 was 
ligated The wound was closed 
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Tliree hours after operation the animal walked on the leg The leg felt 
cold, the muscles of the kg felt tense, and the animal walked as if he had 
a peg leg There w'as no e\idence of pain, no swelling and no edema Si\ hours 
after operation the condition was the same The museles of the leg w'ere tense 
No voluntary mo\ement could he detected The animal flinched from a pin prick 



Fig 3 — Photomicrograph of a cross section of an “isolated muscle twenty- 
four hours after ligation of its vein, showing extravasation of blood into the 
muscle and nerves , the vein is occluded by a thrombus , the artery is not 
thrombosed 


an 3 'where in the leg When the animal attempted to step on the foot the toes 
turned backward Tw^enty-four hours after operation the muscles of the leg 
were tense Apparently there was w'eakness but not complete paralysis There 
was no swelling and no contracture Two da^'s after operation the animal did 
not use the leg for w'alking The muscles w^ere held tense There was no 
swelling below the knee The thigh wms shghti}' swollen and apparently the 
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muscles were tender Four da\s after operation the animal walked on the leg, 
with a limp The entire extremity was swollen There was an area of begin- 
ning gangrene of the skin on the medial surface of the leg and thigh Fourteen 
days after operation, well defined, dry gangrene of the skin of the foot, leg, and 
distal third of the thigh was observed The line of demarcation of the gangrene 
was sharp It encircled the thigh at the junction of the middle and distal 



Fig 4 — Photomicrograph of a cross section of a muscle two davs after 
ligation of Its vein, showing extensile infiltration of the muscle b\ poly- 
morphonuclear leukocytes, the muscle fibers are swollen and lacuolated 

thirds The animal was anesthetized and the gangrenous skin was removed 
The muscles of the thigh and leg appeared normal The tendons of the leg 
muscles were gangrenous m the foot All the muscles contracted on stimulation 
of the muscles or nerves On section all of the muscles appeared normal except 
the anterior tibial muscle This muscle appeared normal externalh , but on 
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section there was, in the substance of the nnisclt a pale firm area, cihnclric 
in shape, measuring 0 5 cm m diameter and e\tendmg the entire length of the 
muscle Tins area had the appearance of an infarct 

Microscopic examination of the muscles showed no abnormahtv except in 
the anterior tibial muscle Microscopic examination of this muscle in cross 



Fig 5 — Photomicrograph of a cross section of a muscle four days after 
ligation of its vein, showang infiltration with po^anorphonuclear leukocytes and 
a beginning fibrous tissue reaction 

section show’ed the periphery of the muscle approximately normal The central 
pale area showed a marked change m the muscle tissue The muscle fibers 
were much shrunken and closely packed together The nuclei of the muscles 
stained w'ell There W'as no massive necrosis There was very little reaction 
in the muscle stroma The area of degeneration w'as sharply defined from normal 
appearing muscle There was %ery little reaction at the penpher\ of the area of 
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degeneration Microscopicall3 , the area prored to be one of a sharph localized 
muscle degeneration rather than actual massne necrosis Reaction within or 
about the area of degeneration was strikingly absent A photomicrograph of this 
area and the surrounding muscle tissue is shown m Figure 1 

Experiment 29 — Dog 141 uas operated on, Feb 11, 1921, under ether anes- 
thesia The abdomen was opened all branches of the aorta distal to the origin 



Fig 6 — Photomicrograph of a muscle four da\s after ligation of its \ein, 
showing the infiltration of the muscle bj'- polymorphonuclear leukoci tes 


of the inferior mesenteric arterj, with the exception of the right iliac artcrj, 
were ligated, the left deep epigastric was ligated near its origin from the ilia" 
arteri, and the abdomen was closed A small incision was made in the left 
midthigh and the femoral arterj’’ was ligated 

Februarj 12, tw'entj'-four hours later, the left thigh was slighth edematous, 
the leg was cold Apparenth there was complete parahsis of the entire lett 
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posterior extremity T hroiigh the skin, .ill miise’es felt normal The iiiuscles 
of the leg contracted to strong f.iradic stimulation Contractions were less 
pow'erful than in the right leg 

February 13, after forte -eight hours, the animal did not eat, it looked sick 
I he left thigh was tremcndoiisle swollen There eeas no sw'clling beloev the 
knee The entire extremite was apparentle useless There was \cr\ slight 



Fig 7 — Photomicrograph of a cross section of a muscle ten daes after 
ligation of its vein, showing fibrous transformation of the muscle 


movement m the muscles at the hip and no motion below the knee The skin 
of the thigh showed marked bluish discoloration There was a fairly sharp 
line of demarcation around the proximal thigh, between the discolored and 
normal skin 

The animal was anesthetized and the muscles of the extremity w'ere examined 
before the animal was killed Below the knee the muscles looked strikingly 
normal in color and form They were not sw'ollen There w’as no visible 
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eclcnn The nuisclcs did not react to electrical nor mechanical stimulation 
Stimulation of the ncr\c trunks caused no contraction m the muscles below the 
knee Stimulation of the sciatic ncr\c in the midthigh gaac no effect on 
respiration 

The mnselcs of the thigh were trcmcndoiish swollen and \cr\ pale There 
w is a hrge imoi nt of llnid in the mnselc ind in the internnisciilar spaces The 



Fig 8 — Photomicrograph of a cross section of a muscle thirty-one days 
after ligation of its vein, showing complete fibrous transformation of the muscle 


muscles did not contract to mechanical or electrical stimulation The muscles 
became red on exposure to the air 

The gluteus maximus muscle was brick red m color, it bled slightly on 

section It contracted promptly on stimulation by a strong faradic current 

The contractions were weak and the muscle fatigued quickly 

All muscles were either totally paralyzed and necrotic or totally not 

paralyzed and viable, except the rectus femoris muscle This muscle showed 
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both conditions in the same imisclc The distal half uas clearly necrotic and 
completely paralyzed, the proximal half was clcarlj Mablc and contrac.cd 
promptly on electrical stimulation 'J he line of demarcation between the \iable 
and noiniable muscle was sharpie defined, and coincided with an cqiialK sharp 
line of definition between the irritable and nonirntable nnisclc 

In Experiments 101, 37 and 29 just described, there evere changes 
m physiologic and anatomic integrity of the muscles as a result of the 
obstruction of the arteiial sujiply to the extremity 

In Experiment 101, in which the ligation of the aorta produced a 
marhed diminution m the blood supply to the posterior extremities, 
there evas a temporarj' change in the jihysiology of the muscles of 
the extremity but no demonstiable anatomic change Immediately 
following the obstruction to the arterial supply the muscles of the 
extremities, although at no time completel} paraljred, were constantl} 
in a state of exaggeiated tension, and the extremity after even a few 
minutes of exercise became useless This condition wxas rehe\ed b} 
rest and appealed again aftei lepeated exeicise Three dajs after 
the arterial obstiuction, the animal did not lose the use of the 
extremities after a considerably longer period of exercise, and at the 
end of four months, it showed nothing abnormal in function or structure 
of the muscles, although it was possible to establish only a very small 
arterial connection between the heart and the posteiior extremities 
In other experiments it has been found that the loss of function 
of the posterior extremities after ligature of the aorta has been com- 
plete for tw^o or three days and the period of complete lecovery 
extended to several days , but in all instances m wdiich the animal has 
not died or dec eloped gangiene, the recocery has been complete and 
the muscles have showm no pathologic change 

The condition developed in this experiment coriesponds to the 
condition, w'^ell known in clinical medicine, to wdnch the term ischemia 
has been applied It has been noted in man after occlusion of such 
large aiteries as the common ihac or axillary It is almost certainly 
a fatigue phenomenon With the marked decrease in arterial blood 
supply, the muscle becomes rapidly profoundly fatigued 

In Experiment 29, in which the aiterial blood supply to one extremity 
was markedly reduced by ligation of several arteries, gangiene of the 
extremity resulted It is important to note that all tissues of the extrem- 
ity w^ere included m the necrosis The muscles of the most distal portion 
of the extremity were apparently completely deprived of all fluid They 
became necrotic en masse, wuthout hemorrhage, edema, or any evidence 
of inflammatorjr reaction Some of the muscles of the thigh w'cre 
apparentl}^ deprned of blood but did absorb fluids from lymph vessels 
or neighboring viable tissues Some of the muscles received enough 
circulation to preserie their normal physiologic reactions It is 
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inteiesting that the boideihne muscles either became completely 
neciotic 01 remained wholly viable d'be one exception to this was the 
icctus fcmoris muscle The distal half of this muscle became gan- 
gienous and the proximal half icmained almost normal m appeal ance 
The junction of the dead and living muscle was shaiply defined Of 
c\en moie inteiest. howcvei is the fact that the pait of the muscle 



Fig 9 — Photomicrograph of another area of the section sho^\n in Figure 8, 
showing the preservation of the arteries in the muscle 

which preserved its anatomic integrity also wholly preserved its 
physiologic properties (except, no doubt, this part of the muscle 
would have exhibited the phenomenon of rapidly developing fatigue 
or “ischemia”) In this long muscle, which gets its arterial 
supply near its proximal end, we are justified m assuming that follow- 
ing the obstruction to the large arteries the blood supply to this muscle 
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was mo'it abundant at the jiroxnnal end and continuously decreased 
toward the distal end Under such conditions, therefore, there was no 
“zone” in which the blood supply \\as sufficient to keep the muscle 
alive but not sufficient to permit it to contract It is, of course, 
theoretically jiossiblc that the blood supply of a muscle be just sufficient 
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Fig 10 — Photomicrograph of a cross section of a muscle thirty-six days 
after ligation of its vein, showing the fibrous transformation of the muscle 
A. few degenerating muscle fibers can be seen 

to take care of an infinitesimal amount of muscle activity so as to 
keep tire muscle m a permanent state of complete fatigue Practically, 
this is not possible because the blood supply of a region supplied by 
a 1 artery is always most profoundly limited immediately after the 
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ob'^lruction of tlrs <irter\ llie quanlitj furnished b) collateral circula- 
tion (it am at all is furnished) al\\a\s increa‘-es for a certain period 
Experiment 37 is of particular interest becau‘-e it was the onh 
instance in which a piocess of degeneration rather than massne necrosis 
of muscle followed permanent occlusion of the arteries to an e\tremit\ 
In this experiment there was an isolated area of degeneration ot 
muscle fibers m a single muscle, the remainder of this muscle and all 
the other muscles of the extrcmitN lemained normal in appearance and 
reaction in spite of extensue gangrene of the skin 

In all of the experiments in which the arteries to an extremity were 
permanentU occluded, and m which the diminution in blood supph to 
this extremit} w’as sufficient to produce pathologic changes in the tissue 
the skin showed the most extensive change 

CXPERIMCXTS IN WHICH TIinUE WAS A TCMPORARV OBSTRUCTION' 
or Tlin PRIMARY \RTCRinS or THE EXTREMITY 

Expirimint 33 — Dog 122 rcl)ruar\ 20 10 a m under ether anesthesia was 
operated on the abdomen being opened and the aorta ligated distal to the origin 
of the iliac arteries Tlic deep epigastric arter\ was ligated A clamp was 
applied to the left iliac arter\ The abdomen was closed An incision was 
made in the left tliigh The femoral arter\ was clamped and the incision closed 
Febriiar\ 20, 4 p m , six hours after operation, the entire leg and distal 
half of the thigh were cold The animal stood on the leg It used the muscles 
of the thigh, but the muscles of the leg were held stifflj and apparentlj were 
useless Electrical stimulation through the skin caused prompt contractions 
in the thigh muscles, \ery weak contractions m the posterior muscles of the 
leg, and no contractions could be obtained in the anterior leg muscles 

The animal was anesthetized and the clamps were remo\ed from the iliac 
and femoral arteries Pulsation immediately returned in the femoral arteries 
The skin of the entire leg and of the distal half of the thigh became deeph 
flushed There was a fairU sharp line of demarcation between the flushed 
skin and the paler skin m the midthigh Ten minutes after remo\al of the 
clamps from the arteries all muscles of the leg reacted to electrical stimulation 
The contractions in the anterior muscles were not so strong as normal On 
the following day there w'as no visible paralysis One week later the animal 
was killed and nothing abnormal could be found in the muscles of the extremity 
ExptRiMCNT 34 — February 24, 4 00 p m, on Dog 101, the same operatne 
procedure w'as carried out as in Experiment 33 

February 25, 9 00 a m, seventeen hours after operation, there was complete 
muscular paralysis below the knee, but no swelling The leg was not cold 
Electrical stimulation of the muscles below' the knee caused no contractions 
February 25, 4 00 p m, twenty-four hours after operation, there was 
complete paralysis below the knee The leg felt cold The animal was anes- 
thetized and the clamps were removed from the iliac and femoral arteries 
Pulsation immediately returned in the femoral artery The skin below the 
knee was flushed to a bright pink The flush was sharply defined at the le\el 
of the knee Five minutes after removal of the clamps there was no demon- 
strable electrical irritability of the muscles below the knee 



206 


JRCllIJ'L^ 01- SURGIIRY 


l'ebruar\ 26, complete i)aral\sis existed below the knee The muscles of 
the leg were swollen and definitel} harder than normal 

Febrnarj 28, four da\s after clamping the %essels and three clajs after 
remoral of the clamps, the musele parahsis remained nnehanged The entire 
extrcmitr was swollen It was definiteh warmer thin the normal leg The 
swelling was apparenth tntireh in the deeper structures The skin looked 
normal, the femoral pulse w is good There was no contraction of the muscles 
below' the knee from electrical stiimilation Pain sense was apparenth impaired 
below' the knee but it was not absent The animal was anestlietired \n 
incision was made exposing the deeper structures of the leg and thigh All 
the larger arteries of the extremitr pulsated There was good pulsation in the 
arteries of the foot 

The muscles of the leg were swollen, harder than normal, and of a blue 
hemorrhagic color On section of the muscle there was actne bleeding from 
the larger arteries m the muscle There was, however, no capillarj bleeding 
and no dcmonstrahic irnta)>iJit\ of am musele of the leg 

The muscles of the thigh were particularly' interesting The gluteus maximus 
muscle appeared normal and was irritable The same was true of the rectus 
femons and sartorius muscles The deeper e\tensor was swollen, hemorrhagic, 
and showed no irritability TIic distal half of tiie lateral extensor muscle of the 
thigh w'as swollen, hemorrhagic and completely parahzed, the proximal end 
appeared normal and contracted normally on electrical stimulation The junction 
of the abnormal muscle and normal muscle was sharph defined and coincided 
absolutely with the junction of the irritable and the paralyzed muscle 

Microscopic examination of the muscles of the leg showed the muscle fibers 
strikingly normal in outline In some areas there was a complete absence of 
staining of nuclei, gn ing a picture of massue necrosis of all the tissues In 
other areas there w'as hemorrhage between the fibers and an accumulation of a 
few' pol\ morphonuclear leukoc\tcs The larger arteries contained blood and 
showed no evidence of thrombosis Many' arteries and \eins, how'ever, w'ere 
thrombosed In general the areas of hemorrhage and leukocytic infiltration were 
near the arteries which were not thrombosed The paralyzed muscles of the 
thigh showed much the same picture, except that the areas of hemorrhage and 
leukocytic infiltration w'ere relatively more extensne, and the areas in which 
there w'as massive necrosis without evidence of any reaction w'ere smaller 

A longitudinal section of the junction of the paralyzed and nonparalszed 
portions of the lateral extensor of the thigh show'ed lary'ing grades of muscle 
necrosis and degeneration limited to a small zone The more distal portion of 
the muscle W'as completely necrotic, w'lth no hemorrhage or leukocytic infil- 
tration Proximal to this was a zone of hemorrhage and leukocytic infiltration 
Normal appearing fibers reached to this zone, but in the immediate proximity 
of the hemorrhage some of the muscle fibers were \ery' much swollen and 
fragmented 

Expcrimcnt 36 — Dog 61, on March 2, under ether anesthesia, w'as operated 
on, the abdomen being opened and the clamps being applied to (1) the aorta 
distal to the origin of the iliac arteries, (2) the left iliac artery', and (3) the 
left femoral artery' m the midthigh 

Seventeen hours after operation there was apparently' complete parah'sis 
below the knee The knee w'as extended and the foot w'as flexed The leg 
was held stiffly, the muscles were tense The foot and leg w'ere cool but not 
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cold Stiimihtion of tlic muscles of the leg caused no visible contractions The 
iniinal w is anesthetired ind all clamps were rcmoied \ feeble pulse returned 
in the femoral irterj The skin below the level of the Knee was flushed pink 
There was no demonstrable e\ idence of return of irritability of the muscles 
of the leg 

March 4, the animal walked on the leg with a limp ‘Paralysis” was not 
complete 

March 9, si\ dais after rcmoial of the clamps from the arteries, there was 
no contracture of the muscles The animal did not use the leg for walking, but 
apparenth it was not completeK parah/ed There was a small ulcerating area 
in the skin The animal was anesthetized The skin was dissected away and 
the muscles were inspected before the death of the animal The anterior muscles 
of the leg were \er\ pale and showed no contraction after electrical or 
mechanical stimulation of the iieries The posterior muscles of the leg were 
mottled with areas of pink muscle and pile \ellowish muscle The pink areas 
contracted on electrical stimulation 1 he pile areas showed no sign of being 
irritable A similar picture was shown b\ the muscles of the thigh 

Tlie results of these experiments in whieli there was temporary 
obstruction of the aiteiies to an extiemity are different from those m 
which the obstruction was permanent In the latter the demonstrable 
pathologic change was always most extensive in the skin, while in the 
former the most extensive damage was in the muscles In Experi- 
ment 33 in which the arteries were obstructed for six hours, the leg 
became cold, completely paralyzed, and some of the muscles showed 
no irritability to electrical stimulation Following the remoial of the 
obstruction to the arteries, there was an immediate return of function 
of the muscles and no demonstrable anatomic change in any tissues of 
the extremity 

In Experiment 34 in which the arteries iveie obstructed for seven- 
teen hours, and in which the relief of this obstruction was followed 
by a good pulse in all of the larger arteries of the extremity, there 
was at the end of four days extensive necrosis of the muscles This 
necrosis was accompanied by the presence of a large amount of hemor- 
rhage and edema The skin was not at this time visibly changed The 
muscle necrosis ivas so extensive that it included all, or most, of the 
muscles of the extremity The muscles in general became completely 
necrotic or remained completely viable, half of one muscle of the thigh 
was necrotic and the other half was viable and retained its physiologic 
reactions This extensive necrosis occurred m spite of a restoration 
of a pulsating blood stream in all of the larger arteries, even the arterial 
branches to the muscles bled within the necrotic muscles The reaction 
of the tissues of the extremity to the extensive damage folloiving the 
obstruction to the circulation was interesting During the period of 
arterial obstruction there were no manifestations of inflammation One 
day after the removal of the obstruction to the arteries there was some 
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swelling, and .it the end of foin days the swelling had increased ami 
the extieniity was distinctly wanner than the normal extremity At thn 
time micioscopic examination of the muscles showed some infiltration 
of ]eukoc 3 "tes m the vicmit} of functioning blood vessels There Wcis, 
how'^evei, no evidence of a fibrous tissue reaction at this time 

Expeiiment 36 is inteiesting from the standpoint that arteries of 
the extienntv w'eie obstructed for the same peiiod as in Experiment 34, 
but following the lemoval of the clamps, the circulation was not 
completely lestoied to the large arteries Ihe femoral artery had onlj 
a very feeble pulsation The extent of muscle damage was distincth 
less than m Experiment 34, and there w'as at the end of six days no 
evidence of hemoirhage and edema of the muscles Also there was not 
at any time an^^ sw'cllmg or manifestations of marked inflammatory 
disease Theie wxas, how'e\er, ulceration of the skin This experiment 
is inteiesting in its i elation to the belief of Rowdand that ischemic 
contractuies w^ere the lesult of the sudden release of obstruction to 
arteiies aftei a period of anemia, and to the generally accepted treat- 
ment of the anemia of the extremity following exposure to cold, in 
wdnch it has been found that a gradual restoration of circulation or 
more accurately a gradual restoration of the normal temperature is 
not so likely to pioduce disastrous lesults as the sudden wmrming of the 
extremity 

CXPCRI^tnXTS ON THE ISOLATED MUSCLE 

In 01 del to study more accuiately the eftect of circulatory distur- 
bance on the muscles, independent of the other tissues of the extreinitj, 
a senes of experiments on the isolated muscle were carried out The 
rectus femoris muscle Avas chosen on account of its accessibility and 
the fact that its circulation is supplied by a single artery and vein 
which are easily isolated Also the nerve supply'^ is a single branch 
of the femoral neive which accompanies the nutrient artery and vein 
The experimental method which wms the same in all expeiiments is 
described below'^ 

The dog was anesthetized and an incision was made on the anterior 
surface of the thigh and distal third of the abdomen The rectus 
femoris muscle was freed from the surrounding tissues everywdiere 
except from tendinous origin from the ilium and insertion into the 
quadriceps tendon The artery, nerve, and vein were completely 
isolated from one another and the fibrous tissue accompanying them 
was divided A tight ligature was tied about each end of the muscle 
This gave a muscle completely isolated from all vascular connections 
except a single artery and a single vein The nerve supply was intact 
The circulation in the surrounding tissues was normal The following 
series of experiments ivere carried out on these isolated muscles 
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1 Scdiou of Nuvi and Viin Intact — In the experi- 

ments in wliitli the nene .ilone \\as sectioned, leaMiig the isolated 
muscle with its aiteiy and vein intact, the muscle was completely 
paralj/cd It deci cased markedly in si7e and micioscopic examination 
shoA\cd maikcd diminution m the size of the muscle fibeis and loss of 
definition m striation Occasional!) fibers A\hicb showed degeneration 
w'erc found riicic was no e\idcnce at tbe end of peiiods of as long 
as a month of aiu mfiammatois icaction oi fibiosis The piocess was 
one piimaiih of .itiojih) i.ithci than degenciation 

2 Jnjiitwn of Blood into the MiiicU — In two experiments after 
isolation of the muscle, 10 cc of blood w'as .ispiialed fiom the femoral 
\em and injected into the body of tlie muscle m se\eral places, so 
that the muscle w.is maikedly distended wnth blood In another experi- 
ment the same jiroccduie was earned out and in addition the artery 
W'as tied I he animals in which these experiments w'ere carried out 
were killed at the end of one month Examination of the muscles 
showed nothing abiioinial in their pli)S!ologic reactions, and micro- 
scopic examination sliowcd no evidence of mfianunation or fibrosis 

3 Ligatinc of the A) toy Leaving Vein Intact — In eleven experi- 
ments only the arter) of the isolated muscle w'as ligated In these 
experiments, thcrefoie, <i single muscle w'as completely separated from 
all arterial supply The iicivc and \cm remained intact The circula- 
tion of the surrounding tissues was not disturbed The operation 
w'ounds w'eie carefuil) closed so as to obliterate all cavities The 
animals W'ere killed at the end of periods of from se\en to sixty days 
and the muscles w'ere examined In e\ery instance the muscle showed 
normal physiologic properties The muscles w'ere ahvays more adherent 
to the surrounding tissues than normal In no instance was the muscle 
fibrous Microscopic examination of the muscles show'ed slight degen- 
erative changes m some instances, but m no instance w'as there found 
marked inflammatory reaction or fibrous change of the muscle 

In one experiment the artery and nerve were sectioned Exami- 
nation of this muscle after a period of sixty days showed the typical 
atrophy of nerve paralysis 

In five experiments the artery of the isolated muscle w'as tied and 
in addition the circulation of the entire extremity was diminished by 
ligation of branches of the aorta In one of these experiments the 
iliac artery was tied after the isolation and ligature of the nutrient 
artery to the rectus muscle Examination of the muscle three days 
later showed the muscle edematous, but the physiologic reaction was 
normal and microscopic examination showed only slight degeneration 
and inflammatory reaction The infiltration with 1001^00)403 was only 
what would be expected as a result of the operative trauma In 
another experiment m which the conditions were the same, the muscle 
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was normal at (he end of seven da\s Jn (he three other experiments, 
the circulation in the extremiU in which the muscle was isolated from 
all Its arterial supply was further diminished by ligation of the iliac 
and hypogastric arteries In each instance the isolated muscle ^Yas 
found completely absent, from seven to tu'elve days after operation 

In seventeen experiments, therefore, in which the arterial blood 
supply of an isolated muscle wms obstructed, tbc muscle either retained 
wdiolly Its normal physiologic and anatomic characteristics or it became 
completely necrotic and wdiollj disappeared In no instance did the 
anemia result in an acute inflammator) ]>rocess In those experiments 
in w'hich the muscle remained \iable, it must have received its nutrition 
fiom the suriounding tissue or by a rev'ersed circulation in its vein 
until the time of establishment of a new circulation b} vessels growing 
in from the surrounding tissues In some of those instances in which 
the large arteries of the extremity were ligated in addition to obstruc- 
tion of the individual arterial supply of the muscle, the available supply 
of nutrition vvas so diminished that the isolated muscle did not survive 
the period of complete absence of arterial blood Whether this was 
due to the diminution of the blood siij^ply to the surrounding tissues, to 
the low’-ering of the pressure m the v^ein, or to a combination of both 
factors, is not clear The impoitance, howev'er, of the preservation 
of unobstructed veins to an extremity with a diminished blood supply 
has been demonstrated in some cxpeiimental w'ork not included m this 
paper It has been found tliat w'lth an existing venous obstruction 
in an extremit)'- gangrene is moie likely to follow ligation of the large 
arteries of the extiemity 

The importance of preserv'ation of the patency of the v'^ein is also 
suggested by the results obtained m the following experiments 

4 Ligation of Both At toy and Von — In four experiments with the 
isolated muscle, both artery and v'ein were ligated, thus cutting the 
muscle free from all vascular connections In two of these experiments 
the muscle showed no pathologic change at the end of periods of forty 
and one hundred and ten days In twm other similar experiments the 
muscle was found necrotic in one case in twm days and m the other 
completely absent in twenty-one days 

5 Expo iments in Which the Vein Alone IVas Ligated — In nine- 
teen experiments the isolated muscle was piepared and the v'^ein 
alone was ligated leaving the artery'- and the nerve intact These 
muscles w'cre examined at the end of periods varying from one to one 
hundred and twenty day's In ev'ery instance marked pathologic 
changes were found 

Within an hour after operation the muscle becomes sw'ollen, hard, 
and a dark blue Stimulation of the muscle or nerve to the muscle 
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al Ihih peiiocl usualh gi\cs a \cry sliglu contraction At the end of 
twenty-fom hourt. there is a ticmcndous c\ti avasation of blood into 
the muscle and an accumulation of bloody fluid around the muscle The 
muscle will bleed if cut At forty-eight hours there is a marked 
accumulation of pohmorphonutlcar Icukocjtes about the muscle fibers 
At this time many of the muscle fibers aie cleaily necrotic In four 
days theie is a maikcd connectne tissue ]nolifcration and extensive 
degeneration of muscle fibers \t ten days theie is formed betw'een 
the muscle fibcis a large amount of connective tissue There w'as 
usually muscle tissue in some amount at all peiiods at w'hich muscles 
were examined , and w'hcnevci muscle fibers wcic present, some contrac- 
tion could be demoustialcd in the muscle '1 he progress of the fibrosis 
was m two instances so complete that no muscle tissue could be demon- 
strated m the isolated muscle 1 he maiked inflammatory reaction and 
subsequent fibrosis alwa\s extended beyond the muscle and involved 
the surrounding tissues so that the muscle became embedded in a fibrous 
tissue mass Contracture of the muscles was ahvacs present and in some 
instances the contiacturc of the single muscle was of such an amount 
as to prevent the normal flexion of the knee joint 

The details of the stages of the pathologic changes in the isolated 
muscle w'hich follow'cd occlusion of the ^em arc showui in the photo- 
micrographs 

In these experiments in w'hich a muscle w’as cut off fiom all circula- 
tion except that of a single artery afid a cm, and the vein w'as completely 
occluded leaving the artery intact, a constant pathologic change m the 
muscle resulted This change was characterized by an initial period of 
acute inflammatory changes in the muscle and subsequently the develop- 
ment m the muscle of an extensive fibrosis The fibrosis in some 
instances replaced a large portion of the muscle fibers and decreased 
very markedly the powder of the muscle In other instances the sub- 
stitution of the muscle fibers by fibrous tissue Avas complete The 
constancy of the pathologic process and the certainty AVith Avhich it 
folloAvs the experimental method described are important points 

SUMMARY 

The results of these experiments are cAudence for the statement 
of certain general conclusions as to the probable effect of the obstruc- 
tion of the circulation of blood on the function of an extremity, 
particularly as it concerns the muscles 

The results of permanent obstruction of the principal artery or 
arteries to an extremity may be stated as folloAA’-s 

1 There may be no demonstrable change in the anatomy or 
physiology of the extremit} This result, of course, only folloAvs if 
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(.he circulation (liiough the coIhUcial anastomotic branches is sufficient 
It IS suipiising indeed to lind how small a collateral anastomotic arterial 
bed may piove sujjuicul 

2 A condition of ischcmi.i m w'hich there is no demonstrable 
.inatomic change m the muscles iii.i) follow' obstiuction of the artery 
Aftei a pciiod of \olunlai_v muscle conti actions, (he extremity may 
become useless, m w'hich state it remains only for a limited time With 
lest the muscles .igam lesume ihcit function This condition is probably 
a phenomenon of fatigue In (he dog the condition of ischemia always 
becomes less maiked fiom day to day and ultimately disappears com- 
pletely as far as could be obser\ed in animals w'hich were permitted the 
fieedom of an “anini.il }aid ’ It is possible that if some of the animals 
W'hich had apparentl} recovered completely had been subjected to long- 
continued w'alking sMuptoms of ischemia would ha\e become mani- 
fest A state of chionic ischemia existing for years has been observed 
b} Halsted in a man wdiose common iliac artery was ligated, and I have 
under observation a w'oman in whom one common iliac artery was 
ligated nine months ago wdio complains of w'eakness and cramps in her 
leg after w'alking “four blocks ” It is w'orth w'hile calling attention to 
the differences in ischemia after ligation of a large artery and that 
accompanying general aiterial disease, the former ahvays improves, 
while the latter may pi ogress 

3 The permanent obstiuction of the aiteiial supply of an extremity 

may result in gangiene If gangrene develops it is more extensn'e in 
the skin than in the muscles If the muscles aie involved there is a 
tendency for the individual muscles to become totally necrotic or remain 
wholly viable If a part of a muscle becomes gangrenous and part 
remains viable, the line of demai cation is shaip and coincides w'lth the 
line of separation betw'een the physiologically dead and physiologica y 
living muscle It is seemingly impossible to reduce the arterial supp } 
to a muscle to a point whei e it is physiologically dead but anatoinica y 
alive This is theoretically possible but practically impossible for tie 
reasons that the limits of arterial blood supply w'hich w'ould be com 
patible with such a state must be pi oximate, and the blood supply to an 
extremity, particularly after ligation of its aiteiy or arteries, must e 
continually changing The lesults of tempoiaiy depiivation of tie 
arterial blood supply to an extremity by tempoiaiy occlusion of arteries 
are less definite but more inteiestmg , 

It w'Oiild seem from these experiments that although muscles stan 
better than skin a continued diminished blood supply, they stand less 
w'ell a temporal}' absence of arterial blood This is an importan 
point which I do not believe has as yet been pointed out Ano le 
fact W'hich is to be emphasized is that aftei obstruction of an artery 
for a period of several hours and the subsequent removal of this 
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obstiuction the pulse may ictuin in the aileiy and all of its major 
blanches and yet the cneulalion may not be reestablished m large 
aieas of tissue 

The tempoiaiy occlusion of the piimaiy aiteiies of an extremity 
ma}, therefoie, lesult in no demonstiable anatomic or physiologic 
change aftei the lemoval of the obstiuction if the obstiuction has existed 
Old) a few houis If the obstiuction exists longer there may be 
scattered foci of necrosis oi degeneration of muscle or extensive 
massne necrosis of muscles and skin if the period of anemia is pro- 
longed for as much as sexcntccn hours Ihis necrosis may take place 
m spite of a resumption of pulsation in all of the laiger arteries of 
the extremity The ixithologic change in the muscles is associated with 
extensive edema and hemoiihagc, but with a very slowdy developing 
inflammatory reaction, and there is not a rapidly developing fibrosis 
and contracture of the muscles 

The experiments on the isolated muscle are in accord with the 
experiments in wdnch the primary arteries of the extremity were 
ligated as regaids the eflect of diminishing the arterial supply to a 
muscle, that is the muscle eithei becomes wdiolly necrotic and dis- 
appears completely or remains wholly viable and show's no pathologic 
changes The results of the obstiuction of the vein of the isolated 
muscle w'lth the preservation of the arteiy are different from any 
results obtained by aitery occlusion Under these conditions there 
w'as found a constant pathologic change, the outstanding features of 
which were hemorrhage, edema, degeneration of muscle fibers, and 
an acute inflammatory process w'hich progressed to the more or less 
complete fibrosis of the muscle This fibrosis is associated wuth con- 
tracture and loss of pow'er of the muscle The process may convert 
the muscle into a veritable fibrous mass which is incorporated in a 
similar fibrosis of the surrounding tissues Simple hemorrhage in the 
muscle with or without interference w'lth the arterial or nerve supply 
of the muscle does not cause a similai result 

The explanation of this pathologic process is one concerning which 
it IS interesting to speculate The slow'ing of the circulation is the 
first phenomenon observed in the process of inflammation In blocking 
the veins the circulation is thus primarily slowed down and all of the 
succeeding manifestation of inflammation and repair follow'S On the 
other hand a slowing of the circulation must follow an obstruction 
of an arteiy but inflammation does not result It might be supposed 
that the venous obstruction asphyxiated the tissues and caused an 
accumulation of toxic w'aste products which damaged the muscle cells 
to the point of necrosis and the inflammation and repair processes follow 
the presence of this dead tissue Were this true, a similar process 
should just as rapidly develop after temporary obstruction of the artery 
SuJi is not the case It, therefore, seems more likely that the initial 
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stimulus of the ])ioccss is moic mechanical than chemical With the 
occluded vein and the open aiteiy the piessuie m the capillary system 
must use abo\e diastolic blood piessute d bis pressure piobably results 
m a more oi less complete destruction of the entire capillary system 
The destiuction of the caj)illrlt|y s3'stem would ceitainly interfere with 
the nutiition of the tissues, and degeneiation or necrosis of tissues 
might lestilt It Avoiild seem, howevei, that the acute inflammatory 
reaction and subsequent fibious tissue foimation weie the lesult of the 
mechanical iiijuiy to the vasctilai system r.ithei than the presence 
of degenerate oi necrotic tissue The magnitude of the reaction is 
certainly much gieatei than that seen about aieas of necrosis 

The clinical application of these conclusions deseives some comment 
A musculai weakness associated with a certain stiffness which follows 
the occlusion of a laige aiteiy may be a phenomenon of ischemia Under 
such conditions one would not e\pect a complete paialysis and there 
would be no immediate manifestations of inflammation or contracture 
This muscular weakness would be veiy likely to improve -with the 
development of a moie adequate collateral circulation It atouM 
always be exaggeiated by exertion and improve witli rest It is 
not associated with a fibious transfoimation of the muscles A com- 
plete muscular paialysis of any poition of the extiemity which follows 
the occlusion of an artery is evidence of an anemia of the tissues 
incompatible with viability and usually signifies impending gangrene 
With the development of gangiene the skin will almost certainly 
become necrotic to a higher level than the muscles The permanent 
occlusion of a large artery is not followed by acute inflammatory disease 
Anemia and inflammation are incompatible pathologic piocesses Any 
condition, theiefoic, zvhtch develops zvitJiin tzuenty-foiu oi foity-cight 
hows, and zuhich is cJiai actei laed by heat, szuelhng, pain, and a sub- 
sequent fibi osis cannot be the ; esnlt of pei inanent occlusion of an 
ai tei y 

The phenomenon of edema of the tissues as a result of obstiuction 
to an artery is interesting Edema may follow obstiuction of an 
artery It is not constant eithei m amount, site of appeal ance, or time 
of appearance In geneial, we believe edema follows the reestablish- 
ment of circulation m vessels to tissue which has already been damaged 
Edema, therefore, follows the development of collateral circulation 
or the release of the original arteiial block permitting blood to flow 
into tissue Avhich previously had become m whole or in pait degenerate 
Edema does not make its appearance in tissues wholly deprived of 
blood nor m tissues m which the blood suppl5^ has remained adequate 
It does appear in tissues between these extremes and is, therefore, found 
m the tissues near the line of demai cation in instances in which gangiene 
occurs, as a result of permanent occlusion of an arteiy, or m tissues 



HROOk S—]OLk\ll\\ S ISCHEMIC PARAL) SIS 


215 


\\IiKh lia\c liecn dei)n\c;cl of blood complclelj for a limited period b)^ 
the tempoiaiv otclusion of .111 .iitci}' Keeping in mind Ibis piinciple, 
theicfore, it would seem that the time of appeaiance and the site of 
dc\eloj)mcnt of altnia would be indicatue of the development or 
nonde\elopnient of gangiene Foi example, if the primary arteries 
of the iio^lenoi e\tiemil\ weic jieimanentlj oeduded and edema of the 
tliigli, and not of tlu leg made its a])peaiaiKe in tw'enty-four hours, 
one could feel almost i.eilam that the leg was to become gangrenous 
On the olhei hand, if the edema made itself apparent in the foot at 
the end of twehe hoiii s the thances of gangiene w'ould be much less 
In case of tcmpoiai\ occlusion of an arterj the amount of edema 
would dcjicnd on the .imoiint of tissue which had been damaged, and the 
extent of letuin of the circulation to the tissues m proximity to 
degenerate tissues 

'1 he pathologic process follow'ing the marked obstiuction to venous 
retiiin of blood from tissues in w'hich the arterial supply is not obstructed 
Is of the nature of an mflammatoiy lather than a degenerative 
arocess Degeneration 01 actual necrosis are piesent, but it is selective 
III nature and does not include all of the tissues of the muscle The 
muscle fibeis m.13 111 pait degenerate 01 become entirely necrotic, but 
the interstitial connective tissue is stimulated to active proliferation 
and the processes of inflammation and lepaii completelj' overshadow^ 
the dcgeneiatne changes Fuilhei 11101 e, the proliferation of the con- 
nective tissue elements w'hen thus set going seems to continue for a 
peiiod of seieral w'eeks, and the end-result is the transformation of the 
muscle into a mass of fibious tissue This process is one wdneh sets 
111 almost immediately after the venous occlusion and progresses wath 
rapidity in the muscle leading to an early loss of function and con- 
tracture 

The pathologic changes followung temporary occlusion of the primarj'^ 
arteries of an extremity have some of the chaiactenstics of both those 
following permanent occlusion of the artery and those followmig occlu- 
sion of the vein If the artery is occluded for a certain period the tissues 
of the extremity become degenerate m part In other words, some tissues 
can remain viable without circulation for longer periods than others, 
or certain areas have then normal circulation or nutritive mechanism 
destroyed before other areas If then the obstruction to the primary 
artery is removed and the blood flows back into the extremity, those 
tissues which have remained viable and retained their normal circula- 
tion or nutritive mechanism resume more or less their normal condition, 
while those tissues wdneh have become necrotic, or had their nor- 
mal circulation destroyed, become as foreign bodies in the living 
tissue The living tissues react under such condition , and inflam- 
mation, absorption, and fibrosis follow In the experiments which I 
have observed, how'evei in no case has the connective tissue reaction 
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been so marked as in those instances in whidi acute venous obstruction 
was produced Ihe degenerate aieas have apjieared to run the usual 
course of slow replacement by hbious tissue as is seen in the usual 
anemic infarct 

That the classic pictuie of Volkmann’s ischemic paralysis could only 
be explained on the basis of acute venous obstruction would seem 
quite clear As a mattei of fact, however, it is customary to refer to 
eveiy case of contracture following the application of a tight bandage, 
tourniquet, plaster cast, or splint as Volkmann's ischemic contracture 
Undoubtedly, some of these cases aie due to pure local pressure 
necrosis, entiiely analogous to the decubitus ulcer, or pressure sore on 
the heel or over the anlerioi supeiior iliac spine from continued pressure 
of a plaster cast I have seen recenll} a patient in whom a fracture 
of the forearm which was tieated by splints left in position for two 
weeks showed, aftei ten yeai s, a marked contracture of the wrist in 
hyperextension and the thumb in a position of complete flexion and 
adduction across the palm There was an extensive scar over the 
dorsal surface of the distal prominence of the radius and another 
deep scar where the end of the anterior splint rested in the palm The 
patient gave a history of deep ulcerations being present when the splints 
were removed In tins patient there was marked atrophy of the 
extensor muscles of the forearm, but exploratory operation showed 
the tendons of these muscles incorporated in the deep scar on the 
dorsum of the wrist The bellies of the muscles were .soft and showed 
the normal nerve muscle reaction and no evidence of fibrosis In 
such a case the continued pressure of a board splint against a bony 
prominence for two weeks with a local deep pressure necrosis is an 
entirely satisfactory explanation of the contracture 

In those instances in which a bandage or splint is applied to an 
extremity presumably never so tight as to obstruct immediately and 
completely the circulation distal to constriction, and in which there 
follows in the course of a few hours great pain and cyanosis which 
make the constriction no longer bearable, and in which removal of 
the splint is followed by swelling, heat, tenderness, and a rapidly 
developing contracture, one is forced to the assumption that the etiologic 
factor is either an acute venous obstruction or a temporary pressure 
anemia followed by a reestablishment of circulation through the 
damaged tissue The ease with which the former is reproduced experi- 
mentally IS evidence of its being the most important etiologic factor 
of contractures following the application of constricting dressings m 
the treatment of fractures The reproduction of areas of degeneration 
and subsequent fibrosis of muscles by tempbiary anemia is so difficult 
experimentally that it is rather unlikely that the exact set of conditions 
for Its causation would be present in any clinical instance 
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INTESTINAL ADENOMAS OF ENDOMETRIAL TYPE 

THEIR IMPORTANCE AND THEIR RELATION TO OVARIAN 
HEM\TOM\S or ENDOMETRIAL T^ PE (PERFORATING 
HEMORRHAGIC C\STS OF THE OVL\Ry) 

TORN A. SAMPSON, MD 

ALn\^^, N ^ 

In a recent article I stated that I * believed that pei forating hemor- 
rhagic (chocolate) C 3 ''sts of the o\ar 3 Ycre hematomas of endometrial 
type, and that at the time of the perforation of the cyst some of the 
epithelium lining it might be carried with the contents of the cyst into the 
peritoneal cavity This epithelium might become lodged on the surface 
of the peritoneum, soiled by the contents of the cyst, and theie develop 
into adenomas of endometrial type The adenomas arising from the 
implantation of this epithelium might be small and quiescent, or they 
might become invasive, giving rise to so-called adenomyomas of the 
part invaded I compared the conditions arising from the perfora- 
tion of these cysts with the implantations of ovarian papilloma and 
cancer resulting from the rupture or perforation of an ovarian tumor 
containing these growths These cysts were described as developing 
most frequently m women between 30 years of age and the meno- 
pause In the forty-nine cases studied up to this date (Nov 25, 1921) 
only four patients were under 30 years of age, the youngest being 
23 (the other three were 28) I have encountered only one instance 
in a patient after the menopause In this case the remains of an 
undoubted ovarian hematoma of endometrial type, with its associated 
implantation adenomas, were found 

The size of these hematomas was described m the previous paper 
as being usually between 2 and 4 cm in diameter, occasionally less 

* Read m part before the Interurban Surgical Society, Albany, N Y , 
Nov 25 , 1921 

* From the gynecologic and pathologic departments of the Albany Hos- 
pital and the Albany Medical College 

1 Sampson, J A Perforating Hemorrhagic (Chocolate) Cysts of the 
Ovary, Arch Surg 3 245-323 (Sept) 1921 
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than 2 cm and also occasionally larger than 4 cm Since I have 
learned to recognize the early stages in the development of this condi- 
tion and likewise some of the later stages m their retrogression, I 
have been able to detect specimens which previously would have been 
overlooked I would modify the foregoing statement in regard to 
their size by adding that they are often so small and inconspicuous 
that they may be easily missed both at the time of the operation and in 
the pathologic laboratoiy The hemorrhage or pigmentation, the result 
of previous hemorrhage, m the ovaiian tissue about the smaller cysts 
or extending into their lumma will usually call one's attention to an 
abnormal condition of the ovary The histologic examination of this 
area will show whether or not a gland, tubule or small cyst of endo- 
metrial type IS present 

In discussing the frequency of this condition, I stated that during 
the year. May 1, 1920, to May 1, 1921, I had found perforating 
hemorihagic cysts of the ovary m fourteen of 178 patients between 
30 and 50 years of age who had had an abdominal operation for some 
disease of the pelvic oigans Since I have learned to recognize the 
earliei and also the latei stages of this condition, I have reviewed some 
of the questionable specimens removed during that year and have been 
able to add four more cases to the fourteen During the last six 
operative months, I have encountered nineteen cases of perforating 
hemoirhagic cysts of the ovary in m}'- practice The amount of my 
operative work has not inci eased and I do not believe the frequency 
of this condition has , but I am better able to recognize it, both during 
the operation and in the systematic study of the specimens after- 
ward It IS a common condition, probably present in from 10 to 20 per 
cent of women between 30 years of age and the menopause who 
require an abdominal operation for some disease of the pelvic organs 

At operation the cyst or ovary is usually adherent, and in freeing 
It the “chocolate” <contents escape because a previous perforation, 
which has been sealed by whatever structure the ovary or cyst has 
become adherent to, is reopened or the cyst is torn Adhesions and 
other signs of implantation aie present if a perforation has occurred, 
and these vary greatly in location and extent They are found where 
the contents from the perforation of such a cyst would be likely to 
fall, as in any of the natural pockets and folds of the pelvis and 
on any of the structures situated in the pelvis at the time of perfora- 
tion and especially in the bottom of the culdesac One would suppose 
that the rectum, sigmoid, terminal loop of the ileum and the appendix 
would frequently be invaded by these adenomas This is true as will 
be shown later in this communication 
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THE INCIDENCE OF ADENOMAS OF ENDOMETRIAL TYPE OF 
THE INTESTINE AND THEIR RELATION TO OVARIAN 
HEMATOMAS OF ENDOMETRIAL TYPE 

My attention was first directed to a so-called adenomyoma of the 
intestine in the year 1909 (Case 1) February 10 of that year, I 
operated on a woman, 36 years of age, the preoperative diagnosis 
being a tubal inflammatory disease of the left side and a weakened 
pelvic floor On exposing the pelvic contents, the left ovary was 
found to be cystic and densely adherent I removed the left tube 
and ovary and then noticed that there was an indurated area m the 
wall of the sigmoid, just below the pelvic brim, which was diagnosed 



Fig 1 — Implantation carcinoma of the sigmoid secondary to the perforation 
of a carcinomatous cyst of the right ovary, bilateral ovarian carcinoma View 
of the pelvic contents from above, X% The implantations (t) are shown on 
the anterior surface of the sigmoid, its mesentery, on the posterior surface of 
the left broad ligament, and also involving an epiploic appendage (e) The 
growth (g) on the surface of the left ovary may have been an implantation 
from the right ovary or a direct extension through the wall of the left o\ary 
A perforation had occurred through the lateral and lower wall of the right 
ovarian cyst and this had been sealed by the pelvic wall, to which it had become 
adherent The left ovarian tumor, about as large as the right, filled the culdesac 
and only a small portion of it is shown in this illustration Compare Figure 2 
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as a carcinoma of this part of the bowel About 8 cm of the intestine, 
including this area, was resected and the intestine was repaired by an 
end-to-end anastomosis A section of the intestine showed a typical 
adenoma of endometiial type, apparentl}^ invading the sigmoid from its 
serous surface (Fig 46) The cystic ovary was not examined micro- 
scopically and no mention was made in the operative notes of the 
presence of an ovarian hematoma In only one of the twenty-three 
cases reported in my recent paper was a portion of the intestine 
lemoved (Case 19 of that senes and Case 2 of the present series) 
The histologic findings in the section of the sigmoid removed in 
this case aie shown in Figure 42 and are similar to those found m 
the preceding one With my present knowledge of the subject, 
I believe that had I examined carefully the portions of the intestine 
in the pelvis in the twenty-three cases mentioned above and had it 



Fig 2- — Bilateral ovarian carcinoma with perforation of the right car- 
cinomatous ovarian cyst and implantations on the posterior layer of both 
broad ligaments, the fallopian tubes and the posterior wall of the uterus 
Posterior view of the uterus, tubes and ovaries shown m Figure 1 , X 
implantations (t) on the posterior layers of the broad ligaments are shown 
(Compare with Figs 13 and 19) The implantation involving the distal portion 
of the right tube had penetrated the wall of the tube and is protruding through 
its fimbriated opening (c) Implantations (ijiifi ) are present on the posterior 
wall of the uterus (Compare with Figs 13 and 28) The growth (ff) was 
referred to m Figure 1 In places the carcinoma resembled an adenocarcinoma 
of the uterine mucosa Some of the cells were ciliated I believe this tumor 
may have arisen from misplaced “endometrial” epithelium m the ovary, just as 
ovarian hematomas of endometrial type arise from this epithelium Ovarian 
carcinomas with their secondary peritoneal implantations are a well recognize 
pathologic entity and also a well recognized clinical entity which can often be 
diagnosed prior to operation 
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been possible to examine histologically the portion of the rectum 
which was adherent to the posterior wall of the cervix and uterus, 
adenoma of endometrial type would have been found m a large 
percentage of these cases In the nineteen cases of ovarian hematomas 
111 which I have operated since the above mentioned series, adenoma of 
endometrial type, involving some portion of the intestinal tract, was 
found m eight instances , and I believe that had it been feasible to 
examine histologically the portion of the rectum adherent to the 
cervix or uterus m some of the others adenoma invading the rectum 



Fig 3 (Case 4) — Perforated hematoma (hemorrhagic cyst) of endometrial 
type of the right ovary View of the pelvic contents from above, X% The 
ovarian cyst filled the pelvis A perforation had occurred through the lower 
wall of the cyst and this had been sealed by the posterior surface of the right 
broad ligament to which it had become adherent On freeing the right ovary, 
the cyst was torn or the perforation reopened and a large amount of “chocolate” 
fluid escaped Compare Figure 4 

would have been found m some of these This small series of nine- 
teen cases suggests that implantation adenoma of endometrial type 
of some portion of the intestinal tract may be present m at least 
one half of the cases of perforated ovarian hematoma of endometrial 
type with peritoneal implantations If this type of ovarian hema- 
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toma occurs in from 10 to 20 per cent of women between 30 years 
of age and the menopause that require an abdominal operation for 
some pelvic disease, then endometrial adenoma of the intestines is 
quite a common condition On account of its frequency, pathologic 
and clinical impoitance, it deserves a gieatei recognition than has 



Fig 4 (Case 4) — Implantation adenoma (of endometrial type) of the sig- 
moid, posterior surface of the uterus, left tube and left ovary, and a large 
hematoma (of endometrial type) of the right ovary with evidence of a previous 
perforation Condition found at operation after ligating and cutting the ovarian 
vessels and drawing the uterus upward and forward, X% An indentation of 
the sigmoid with thickening of its wall is shown at c (Compare Fig 5) A 
hemorrhagic cyst on the surface of the mesentery of the sigmoid with induration 
of the underlying tissue is indicated at a (Compare Fig 8) The epiploic 
appendages (b) are thickened and contracted (Compare Figs 6 and 7) The 
perforation p in the hematoma of the right ovary is shown and also implanta- 
tions (f) in the left tube The distribution of the involvement of the sigmoid 
IS similar to that shown in Figure 1 For a description of the right ovarian cyst 
and the implantations on the posterior surface of the uterus and tube, compare 
Figures 9, 10, 11 and 12 
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Fig S (Case 4) — Adenoma (of endometrial type) m the wall of the sigmoid 
A small wedge-shaped piece was excised from the indurated wall of the sig- 
moid shown at c, Figure 4 Photomicrograph shows a glandlike space (g) 
lined by columnar epithelial cells resembling those of the endometrium 



c 


Fig 6 (Case 4) — Adenoma (of endometrial type) of an epiploic appendage 
Cross section, X 10) of one of the epiploic appendages shown at b, Figure 4 
The adenoma has apparently invaded the appendage m the depression indicated 
by the arrow and has extended through the appendage appearing on the opposite 
side as an endometrial polyp (e) The marked increase in the connective tissue 
about the adenoma may be noted 
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been accoidecl it in the past The question natuially arises, Do all 
cases of this type of adenoma of the intestines arise from the implanta- 
tion of the epithelial contents of a perforated ovarian hematoma of 
endometrial type^ The twelve cases of this type of intestinal adenoma 
which I have studied were all associated with an ovarian hematoma 
(not positively proved in one case) and could have arisen from them 
The ovarian hematomas may be verj small (Fig 52), and m the 
retrogressive changes due to repeated hemorrhage and loss of their 
epithelial lining, the remains of the smaller ones may become very 
inconspicuous (Fig 51), or they may even entirely disappear For 
these reasons it is difficult to rule out the ovary as a source of the 



Fig 7 (Case 4) — Photomicrograph of adenoma (of endometrial type) of an 
epiploic appendage at the apparent portal of invasion The arrow indicates the 
portal of invasion The appearance of the tissues at this place suggests that 
the epithelium originally implanted on the appendage had died out, this, 
together with the increase in the connective tissue, causes the retracted condi- 
tion The glandlike spaces and tubules are lined by columnar epithelium similar 
to that found in the endometrium and also that lining the perforated ovarian 
hematoma (Fig 11) 

implantations, even though the ovaries appear normal However, I 
believe that they may also arise from a source other than ovar>an 
hematomas, as will be discussed later in this paper 

PATHOLOGIC ANATOMY 

Implantation carcinoma of the various organs and structures of 
the peritoneal cavity is well recognized both by pathologists and 
clinicians and likewise the important part played by ovarian carci- 
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noma as a source of these implantations Implantation adenomas of 
endometnal type are analogous to those of carcinoma, and I believe 
that ovarian hematomas of endometrial type with perforation are a 
frequent, possibly the pnncipal, source of these implantations The 
implantations, as in those of ovarian carcinoma, are found where 
the contents escaping from the perforation of such a hematoma would 
be likely to fall, as on any of the structures found in the pelvis and 
especially m the culdesac As already stated, we would expect that the 
poitions of the intestinal tract normally found m the pelvis would often 



Fig 8 (Case 4) — Implantation adenoma (of endometnal type) invading the 
mesentery of the sigmoid I believe the hemorrhagic bleb (Fig 4 a) was 
encysted menstrual blood from the underlying adenoma which is shown in this 
photomicrograph The glandlike structures are of endometnal type, with evi- 
dence of hemorrhage (menstrual) into the tissues about them and into the 
lumina of some of the glands The reaction of the surrounding tissue is similar 
to that shown in Figure 7 

be the seat of these implantations I believe that implantations are 
often present on the rectum, sigmoid, small intestine and appendix In 
the tv elve cases reported in this communication the rectum and the sig- 
moid, including the epiploic appendages and their mesentery, were 
involved in eight, the appendix in four and the small intestine in two 
It IS interesting to note that of the eight instances of implantation on 
the sigmoid and rectum the ovarian hematoma was situated in the 
left ovary in six , while of the four instances of implantation on the 




Fig 9 (Case 4) — Photomicrograph of an implantation adenoma (of endo- 
metrial t 3 'pc) on the surface of the left tube (Fig 4 t) Histologicallv, it 
resembles normal endometrium It is analogous to the implantation carcinoma 
shown in Figure 2 



Fig 10 (Case 4) — ^The invasion of the posterior uterine wall from the 
implantation of adenoma (of endometrial type) on its surface (Fig 13 c) 
Photomicrographs of serial sections (some sections purposely not shown) A 
shows the adenoma on the surface, B, its invasion of the uterine wall, and C, 
tubules or glands in the uterine wall beyond the implanted area giving rise to a 
so-called adenomyoma of the uterus I believe that this adenoma of the uterus 
did not arise from the direct invasion of the uterine mucosa of the uterine 
cavity or from developmental inclusions of mullerian epithelium or from a 
metaplasia of the peritoneal mesothelium , but I believe it arose from the 
implantation of epithelium from the lining of a hemorrhagic cyst of the ovary 
which had perforated (Compare Figs 11 and 12) 
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appendix the ovarian hematoma was situated m the right ovary in 
all four This suggests that while the intestinal implantations from 
either ovary may be general in their pelvic distribution the portion 
of the intestine usually situated near that ovaiy is more likely to be 
involved 

The chaiacter of the lesions varies greatly, most of them are 
insignificant and chiefly of histologic interest, but even these carry 
with them the possibility of invasion, coupled with that ot function, 
namely, periodic hemorrhage (menstruation) The menstrual blood 
may be unable to escape and is retained in the tissues surrounding 
the adenoma or m its lumen In other instances the menstrual blood 
escapes into the peritoneal cavity, possibly carrying with it epithelial 
cells which may give rise to further implantations, just as the implanta- 
tions arose from the original source The adenoma then may spread 



Fig 11 (Case 4) — ■Photomicrograph of a section of the wall of the per- 
forated hematoma (of endometiial type) of the right ovary The cyst or 
hematoma is lined by cuboidal to columnar epithelium, with evidence of hemor- 
rhage into the underlying ovarian stroma just as in menstruating uterine mucosa 
Histologically, the epithelium lining the hematoma is similar to that lining the 
glands and tubules in the implantations The escape of this blood into the 
cavity of the hematoma would carry with it some of the overlying epithelium 
(absent in places), and the escape of the contents of the cjst through the per- 
foration might carry some of these epithelial cells into the peritoneal cavity, 
and wherever they might lodge peritoneal implantations might arise just as m 
ovarian carcinoma I believe this was the origin of the majority (possiblj all) of 
the implantation adenomas shown in the illustrations of this case 

from the implantations both by growth by continuity and by implanta- 
tions In other instances, the implantation adenoma is of great clinical 
importance, that is, when it involves some portion of the intestinal 
tract in such a way as to interfere with its function The disturbance 
of function is then a mechanical one, as m carcinoma, namely, that 
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of obstruction, and the obstruction in endometrial adenoma may be 
due to three factors first, the constriction of the lumen of the 
bowel by the groudh and especially by the marked hypertrophy of the 
tissues surrounding the adenoma (Fig 54) , second, by kinking 
the intestine, eMdent in Figure 4, and third, by the accumulation of 
menstrual blood m the adenoma causing hematomas (Fig 42) The 
symptoms of obstiuction may be more marked during the menstrual 
period, as at that time more blood may escape into the adenoma 
situated in the wall of the intestine (Cases 2, 4 and 8) The various 
lesions found m the intestinal tract are similar to those implanted 
on other pelvic structures, such as the uterus with its adnexa and 



Fig 12 (Case 4) — Photomicrograph of the cyst wall showing an extensive 
stromal hemorrhage with loss of some of the surface epithelium which has been 
carried by the hemorrhage into the cavity of the cyst and into the peritoneal 
cavity through the perforation A gland (p) of endometrial type is present in 
the stroma 

ligaments The latter are much easier to study histologically, as they 
may be more safely removed The implantation begins with the deposit 
of epithelium on the peritoneal surface of these structures This 
epithelium sinks into the underlying tissues, and, true to its type, 
forms glands and tubules as shown in the previous communication 
In some instances, a localized growth of endometrial mucosa arises 
like a polyp which may be sessile or pedunculated, simulating the 
polyps found in the uterine cavity In other instances the tubules 
invade the underlying tissue with very little evidence of the growth 
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on the surface The epithelium originally implanted may “die out” 
or may be covered with adhesions so that m some of the older lesions 
it may be impossible to determine the exact site of the original implanta- 
tion The tubules often burrow through the tissues in many directions 
and the portal of entry, if still present, may only be determined by 
cutting many sections, or better still by cutting serial sections (Fig 
10 ) 

I have made the following classification of these implantations 
It IS somewhat artificial, as all gradations between the groups may 



Fig 13 (Case 4) — Perforated hematoma (of endometrial type) of the right 
ovary, with implantation adenomas (of endometrial type) on the posterior sur- 
face of the left tube (a), the uterus {h and c), the left ovarj' and the sigmoid, 
including its mesentery and epiploic appendages (Fig 4) Posterior surface of 
the uterus and tubes and under surface of the ovaries , X % Compare with 
Figure 2 A perforated hematoma (of endometrial type) of the ovary with its 
peritoneal implantations is a pathologic entity as definite as that of ovarian 
carcinoma with its implantations and also a clinical entity which can often be 
diagnosed prior to operation (Compare histones of Cases 4, 8, 10, 11 and 12) 

be found and more than one group may be present m the same case 
(1) surface and superficial implantations, (2) implantations develop- 
ing between adherent folds of peritoneum or other adherent structures. 
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Fig 15 (Case 5) — Photomicrograph of a section from the posterior wall of 
the cervix showing the collapsed glands and dilated tubules of endometrial type 
which prior to the operation were filled with retained blood (menstrual) 



Fig 16 (Case 5) — Photomicrograph (low power) of a portion of the wall 
of the ovarian hematoma near its hilum This shows that the surface epithelium 
is for the most part lacking Some of the epithelium, howe^er, is still present 
in depressions (d) , and glandhke structures (</) are also situated in the deeper 
portions of the ovarian tissue lining the hematoma Histologically, these struc- 
tures are similar to uterine glands and also to the glandhke structures shown in 
Figure 15 Epithelium w'as found only in sections taken from the upper part 
of the hematoma 
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involved is thickened and the brown pigmented dots (1 to 2 mm in 
diameter) and larger elevated aieas due to the above mentioned 
menstrual hemorrhage may be easily detected at operation (Figs 
19, 20, 21 and 22) 

(b) Endometrial tissue on the surface of the intestine including 
polyps The epithelium deposited on the peritoneal surface may form 
typical endometrial tissue The growth is often small and insignifi- 
cant and at times typical endometrial polyps may develop (Fig 33 
and 49) 



Fig 17 (Case 5) — Photomicrograph (high power) of one of the depressions 
with an epithelial lining shown in Figure 16 It is lined by low to columnar 
epithelium of endometrial type, the columnar epithelium prevailing The tissue 
surrounding this depression is composed mostly of pigmented cells of the type 
of endothelial leukocytes which formed the greater part of the lining of the 
hematoma 

(c) Larger 'subperitoneal hematomas, a later stage of the lesion 
mentioned m a, may arise from the retention of the menstrual blood 
m the lumen of the dilated glands or tubules (Figs 37 and 38) 

(d) Blood escaping from these implantations may become encysted 
and form small hemorrhagic blebs (Fig 26) 

2 Implantations Developing Between Adherent Folds of Peri- 
toneum or Other Adherent Structures (Pocketed Implantations) The 
parts involved become fused, and on separating them the surface o 
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the freed structures often presents a characteristic “pitted” appear- 
ance, due to the exposure of the endometrial tissue in the pockets 
between the adhesions or in the tissues of the organ invaded (Figs 
27, 28, 29 and 30) 

3 The Deep Invasion of the Adenoma into the Underlying 
Structures The tubules may worm their way into the tissues of the 



Fig 18 (Case 5) — Sagittal section of the myomatous uterus and adjacent 
pelvic structures indicating the condition present prior to the operation The 
adenoma of endometrial type is shown fusing the cervix to the rectum and 
superficially invading these structures The ovarian hematoma or hemorrhagic 
cyst IS shown both in situ and also in sagittal section, with evidence of a 
previous perforation, indicated by the arrow The diagnosis is evident — an 
ovarian hematoma of endometrial type with perforation and the escape of some 
of its epithelium into the culdesac and the subsequent growth of this epithelium 
giving rise to an adenoma of endometrial tjpe in this situation as in an ovarian 
carcinoma with perforation 
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Fig 20 (Case 10) — Appendix and portion of an epiploic appendage of the 
sigmoid (natural size) An implantation adenoma of endometrial type is 
present m the mesentery of the appendix at A (Compare Fig 21) The appear- 
ance of the characteristic lesions of the epiploic appendage is shown in Ep app 
(Compare Fig 22) 



Fig 21 (Case 10) — Cross-section of the appendix and its mesenten through 
the adenoma with hemorrhage (/i) into the tissue about it (Compare Fig 20 A) 
Histologicall}' It IS similar to those shown in Figure 22 L is a small Ijmph 
node 
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Fig 22 (Case 10) — Photomicrograph of a section of the epiploic appendage 
shown in Figure 20 This shows a characteristic lesion with cMdence of 
hemorrhage in the lumen of tlic dilated glands and also in tissue about them, 
thus causing the pigmented elevations shown in Figure 20 



Fig 23 (Case 10) — Hematoma of endometrial type in the posterior uterine 
wall at H, Figure 19 I believe it arose from an implantation adenoma o 
endometrial type as shown in Figure 10, and that the blood is menstrual What 
IS the source of the implantation adenomas shown in this and previous illustra- 
tions of this case^ They could have arisen from the perforated hematoma o 
the right ovary shown in Figure 19 (Compare Figure 24) 
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intestine often associated with a marked thickening of the 
muscle and connective tissue (Figs 6, 54 and 55) At other times 
there is very little reaction Many varieties of “endometrial” tissue 
and its derivatives are found, such as glands and tubules, with and 
without a characteristic uterine stroma, dilated tubules with flatten- 
ing of the epithelium (Figs 42 and 43), miniature uterine cavities 
(Fig 43), hematomas due to the retention of menstrual blood (Figs 
42 and 46) and structures resembling the mucosa of the fallopian tube 
The invasion of the rectum is usually associated with a thicken- 
ing of the rectal wall easily detected on rectal palpation Sometimes 
the growth extends downward, between the rectum and the vagina, 
forming a tumor mass also easily felt on both vaginal and rectal 



Fig 24 (Case 10) — Section of the wall of the perforated hematoma of the 
right ovary through the pocket c. Figure 19 It is lined m places by epithelium 
of endometrial type, some of which has been carried away by the underlying 
hemorrhage and out through the perforation into the peritoneal cavity, thus 
giving rise to the implantations The pocket is lined by endometrial tissue as 
characteristic as that lining the uterine cavitj 

palpation (Fig 25) The involvement of the sigmoid may be super- 
ficial, as shown in Figures 26 and 32, and already discussed When 
the invasion is deep, it may cause an indentation of the wall of the 
sigmoid, with or without characteristic gross lesions on the surface 
(Figs 4, 27 and 41) The condition may sometimes closely simulate 
carcinoma The implantation ma}" m^ olve the epiploic appendages , 
they may become thickened and contracted, sometimes “curled up” 
(Figs 4 and 6) Two epiploic appendages may become adherent to 
each other, as though tied together (Figs 37 and 39) The epiploic 
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appendages may furnish a portal of entry to the invasion of the sig- 
moid, as suggested m Figui es 42 and 46 The vermiform appendix may 
be invaded fiom implantations on its surface (Figs 47 and 48), its 
mesenteiy (Figs 20 and 21) and at the junction of its mesentery 
with the appendix (Figs 50 and 56) 

Two instances of invasion of the small intestine are reported in 
this series, one from implantation on the peritoneal surface, fusing 
the adjacent walls of the loop and invading it (Figs 53 and 54) 



Fig 25 (Case 10) — Condition prior to the operation, as seen in sagittal 
section of the uterus and adjacent structures, X% The implantation adenoma 
lodging and growing in the culdesac has invaded both the uterus and the rectum, 
fusing these parts, and has extended downward between the rectum and the 
vagina to the right of the cervix (the perforated hematoma was in the right 
ovary) forming a tumor which could be distinctly felt before operation both 
on vaginal and rectal palpation 

The second was by direct extension from an implantation on the sur- 
face of the uterus, which became adherent to a loop of the small 
intestine and superficially invaded the intestine but more extensively 
invaded the uterus, forming an “adenomyoina” (Figs 59 and 60) 
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Of great pathologic and clinical importance is the invasion of the 
lymph channels by endometrial polyps (Figs 44 and 45) The latter 
suggests that metastases may arise and explains the origin of adenoma 
of endometrial type found in the groin and other places, just as 
metastases in such places occur m ovarian carcinoma Such metastases 
may also anse from “adenomyoma” arising from the mucosa of the 
uterine cavity or the fallopian tube In a case which I am studying at 
the present time, an “adenomyoma” was present m both the groin and 
the uterus 



Fig 26 (Case 8) — Implantation adenoma (of endometrial type) of the sig- 
moid, anterior and posterior surface of the uterus , large hematoma of endo- 
metrial type of the left ovary with evidence of a previous perforation, uterus 
retroverted, its posterior wall being adherent to the rectum and sigmoid View 
of the pelvic contents from above , X % The hemorrhagic bleb (a) on the 
mesentery of the sigmoid is similar to the one shown in Figure 4 and also to 
the ones indicated bj' the letters c and d of this illustration An adenoma of 
endometrial type was present m the uterine i%all beneath the blebs (c and d), 
and I believe the blebs were enc\sted menstrual blood from the adenoma 
implanted in these areas The area on the sigmoid indicated bj' b uas slightlj 
ele^ated and contained small pigmented ele\ations, the latter probabh due to 
retained blood in dilated tubules of endometrial tjpe or hemorrhage into the 
tissues about these tubules as shown in Figure 22 The areas at a and b were not 
excised 
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For further details in regard to the pathologic conditions arisnig 
from these implantations on the intestines, sec the illustrations with 
their legends 

CLINICAL lEXTUKLS 01 IMLSTIN\L \l)LNOM^S OF 
LNDOMLTRIVL T^ PL 

These adenomas are analogous to the intestinal carcinomas 'esult- 
mg from the implantation of malignant epithehuni directly on die 
surface of the intestine or the invasion of the intestine from an 
implantation on an adjacent structure In ovarian carcinoma, with 
Its secondary peritoneal implantations, the conditions resulting from 
these implantations may be of much gi eater pathologic interest and 



Fig 27 (Case 8) — Implantation adenoma of the sigmoid (natural size) 
This was situated just back of the fundus of the uterus The intestine is 
indented at this place {ad} , its wall is thickened, and small pigmented pockets 
and slight elevations are present as in Figure 26 b This area was not excised 

clinical importance than the primary growth in the ovary or ovaries, 
which is sometimes small The first definite symptom arising from an 
ovarian carcinoma with its secondary implantations may be that of 
intestinal obstruction due to the occlusion of the lumen of the intestine 
invaded by the implantation In other instances of peritoneal carcinoma, 
the involvement of the intestines is chiefly of histologic interest as 
compared with the primary growth This is also true of ectopic 
pelvic adenomas of endometrial type Fortunately, the latter are not 
so invasive as carcinoma, they grow more slowly, and their distribu- 
tion IS more limited They differ from carcinoma in another interesting 
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feature They may combine function with invasions, they may take 
part in menstruation The escape of the menstrual blood from the 
implantation into the peritoneal cavity may cause other implantations 
and may give rise to pain during the menstrual period The distention 
of hematomas with menstrual blood may also cause pain at that time, 
and if the hematomas are situated in the wall of the intestine, the 
impairment of its function may be more evident or only present during 
menstruation (Cases 2, 4, 8 and 10) 

All implantation pelvic adenomas of endometrial type have certain 
clinical features m common They usually manifest themselves in 



Fig 28 (Case 8) — Perforated hematoma (of endometrial type) of the left 
o\ary with implantation adenoma of the posterior uterine wall Posterior view 
of the uterus, tubes and ovaries , X % The uterus was densely adherent to the 
rectum and sigmoid and was separated from the latter with difficulty When 
an attempt was made to free the left ovary, the wall of its hematoma was 
torn and a large amount of “chocolate” fluid escaped The wall of the hematoma 
was so densely adherent to the sides of the pelvis that it was removed in frag- 
ments, hence the hematoma is indicated only in outline Both tubes w'ere 
apparently patent, and the left tube w’as covered with adhesions, probably due 
to the irritating action of the contents of the hematoma Sections of the left 
lube showed, m places, implantation adenoma The hemorrhagic blebs on the 
fundus at a are the same ones shown in Figure 26 b The pitted appearance of 
the posterior wall of the uterus indicated by b is characteristic of implantation 
adenoma when involved adherent structures have been separated thus exposing 
the adenoma in the depressions or pits between the adhesions (Compare Figs 
29 and 30) 
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women bet^\ een 30 years of age and the menopause They may occur 
in younger women but I have seen only one instance in a woman after 
the menopause In this case the condition was apparently inactive 
There is often a histor}'- of sterility in married women or of no preg- 
nancies m several years The latter condition may in part be due 



Fig 29 (Case 8) — Implantation adenoma in\ading the vail of the uterus 
Photomicrograph of a poition of the uterine vail through one of the pits The 
arrow indicates the bottom of the pit between the adhesions The adenoma on 
the surface of the uterus is here shown invading the vail of the uterus 



Fig 30 (Case 8) — Implantation adenoma on the surface of the uterus The 
photomicrograph shows a polypoid condition of the endometrium lining the 
bottom of a wide pit which has been exposed by freeing the uterus from the 
adherent sigmoid 

to the age of the patient, as these adenomas frequently occur m 
women m the latter part of the child-bearing age Painful menstrua- 
tion of the acquired variety, or increasing in severity, is quite a com- 
mon symptom (Cases 2, 4, 5, 8 and 10) If pain is present, independent 
of menstruation, it is not characteristic but varies as does pam 
associated with pelvic adhesions due to other conditions The symp- 
toms for which the patient seeks relief may be due to some other 



SAMPSON— INTESTINAL ADENOMAS 


243 


pelvic condition and the adenomas may be an accidental finding ( Cases 
1, 3, 5, 6 and 7) The implantation on, or the invasion of, the 
intestinal tract may be chiefly of histologic interest (Figs 20, 32, 37, 
47, 50 and 56) and does not cause any symptoms When the growth 
in any way encroaches upon the lumen of the intestine, then symptoms 



Fig 31 (Case 8) — Photomicrograph showing the lining of the orarian 
hematoma near the hilum of the ovary Epithelium of endometrial type is still 
present m places , in other places it has been carried away by the underlying 
hemorrhage escaping into the cavity of the hematoma The greater portion of 
the hematoma was lined by a pigmented layer of ovarian stroma (evidence of 
old hemorrhage), without an epithelial covering Epithelium escaping through 
the perforation could have given rise to the implantations 



Fig 32 (Case 11) — Uterine pohp p attached to the peritoneal surface of 
the sigmoid (natural size) Implantation adenoma of endometrial t\pe (Com- 
pare Fig 33) 

arising from this may occur, and these may be more marked or 
only present, during the menstrual period (Cases 2, 4, 8 and 10 Figs 
4 25, 27 and 42) Marked constipation, partial obstruction painful 
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bowel movements and pressure sensations m the rectum during the 
menstrual period, especially in women between 30 years of age and 
the menopause, are suggestive of tins condition 

The physical signs vary greatly Tlie iinolvement of the intestine 
may be so slight or the lesion may be so situated that it cannot be 
detected prior to operation The palpatory findings in the culdesac, 
when present, furnish the most characteristic physical signs The 
uterus IS often retroflexed or retroverted and adherent It often con- 
tains leiomyomas The palpatory findings of an adenoma which may 
be detected on digital palpation through the vagina or rectum depend 
on many factors, as its situation, extent and form It may be localized 



Fig 33 (Case 11) — Photomicrograph of a longitudinal section of the polyp 
shown in Figure 32 Histologically, it is similar to a polyp arising m the 
uterine cavity Where could it have come from^ Compare Figures 35 and 36 

or diffuse, slight or extensive, smooth or nodular (shotted) If slight, 
the rectal involvement gives the impression of a slight thickening 
m the anterior rectal wall or a localized nodule without involvement 
of the rectal mucosa In extensive cases it may simulate malignancy 
Sometimes a condition which gives the impression of involvement of 
the anterior rectal wall proves at operation to be an invasion of the 
posterior wall of the cervix or uterus which is adherent to the rec- 
tum In other cases the adenoma may extend down between the 
rectum and vagina forming a tumor m this situation (Fig 25) 

The ovarian hematoma, if large, may be readily detected and the 
condition may simulate an adherent or malignant ovarian cyst (Figs 
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3 and 26) If smaller it may simulate, on palpation, adherent ovaries 
associated with the results of pelvic peritonitis In other instances, 
the ovarian condition may be so insignificant that it cannot be 
detected prior to operation , it may also be easily overlooked at the 
time of the operation and even in the routine examination of the 
ovaries in the pathologic laboratory (Figs 51 and 52) There is also 
the possibility that implantation adenoma of endometrial type may 
arise from other sources than ovarian hematomas, as will be discussed 
later 

The diagnosis of this condition prior to operation can usually be 
made in typical cases The age of the patient, the acquired dysmenor- 
rhea, the disturbance of intestinal function during menstruation, the 



Fig 34 (Case 11) — Photomicrograph of an implantation adenoma of endo- 
metrial type on the posterior surface of the uterus (Fig 35 a) Histologically, 
It IS endometrial tissue, similar implantations were also found on the anterior 
surface of the uterus Where could they have come from^ Compare Figures 
35 and 36 

detection of a small adherent ovarian cyst or adherent ovar}' and 
the palpatory findings m the culdesac present a syndrome rarely fur- 
nished by any other condition In a typical case or m those dominated bi 
some other and a more evident, condition, the pehic adenoma is easih 
overlooked Of the nineteen cases of ectopic pehic adenomas in vliich 
I have operated since May 1, 1921, a correct preoperative diagnosis 
of the condition was made in ten and it should have been made in 
three others In the remaining six the diagnosis could not ha\e been 
made prior to operation as the adenomas were small and insignificant 
Of the ten cases in the present series in which I operated a correct 
preoperatne diagnosis of the condition i\as made in fiie and should 
have been made in tvo others 
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TREATMENT 

The operative ti eatment of any pelvic condition occurring in women 
who are still in the child-bearing age should be determined by many 
factors, such as the pathologic condition, the desire of the patient for 
conservative surgery, the results of the operative treatment of simi- 
lai conditions and especially the natural course of the disease with- 
out operative interfeience There are usually two pathologic condi- 
tions which piesent themselves at the time of the operation in implanta- 
tion adenomas of endometrial type , first, the hematoma of the ovary 
or ovaries which ma\ be the most evident pathologic condition found 



Fig 35 (Case 11) — Perforated hematoma (of endometrial type) of the left 
ovary with implantation adenomas (of endometrial type) on the anterior and 
posterior surfaces (Fig 34) of the uterus and on the anterior surface of the 
sigmoid (Figs 32 and 33) Posterior view of the uterus, tubes and ovaries, 
X % When the adherent left ovary was freed a small amount of “chocolate 
fluid escaped because a previous perforation (/>) of the hematoma, which had 
been sealed by the side of the pelvis to which the ovary had become adherent, was 
reopened Could the implantations of adenoma ha^ e come from this source 
Compare Figure 36 

m the pelvis (Figs 3 and 26) In other cases the ovarian condition 
may be of minor importance as compared with the implantation 
adenomas or is so insignificant as to be overlooked easily or it may 
occasionally be absent Second, the implantation adenoma of some 
portion of the intestinal tract may be the outstanding condition (Fig 
41) In other cases it may be insignificant (Figs 32 and 37) 
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Fig 36 (Case 11) — Photomicrograph of a section of the wall of the ovarian 
hematoma It is in part lined by epithelium of endometrial type Its function 
IS similar to that of endometrium, namely, menstruation Evidence of recent 
(fresh blood) and old hemorrhage (pigmented cells) is present in the wall of 
the hematoma, thus suggesting repeated hemorrhage as in menstruation Some 
of the epithelium has been carried away by the underlying hemorrhage What 
became of this epithelium^ The evidence of a previous perforation would 
indicate that some of it might have escaped into the peritoneal cavitj with 
the contents of the hematoma at the time of the perforation The implantation 
adenomas just described have developed where the contents from such a per- 
foration would be likely to fall 



Fig 37 (Case 7) — Implantation adenoma (of endometrial tjpe) of the 
sigmoid and its epiploic appendages (natural size) AIan\ irregular ^\hlte 
eleiations were present on the anterior surface of the sigmoid, apparenth scars 
resulting from some irritating substance coming in contact with it A brownish 
pigmented bleb is present at b (Compare Fig 38) and two epiploic appendages 
on each side of the sigmoid (c) are adherent to each other as though ligated 
The bleb (b) was excised and the epiploic appendages (c and c) were remo\cd 
(Fig 39) 
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would suppose that with the establishment of the menopause ovarian 
function would cease and that the implantation adenomas of endo- 
metrial type wherever situated would not only stop growing but would 
actually atrophy I believe this is the rule , possibly there may be an 



Fig 38 (Case 7) — Cross-section of the bleb b (Fig 37) It is a hematoma 
filled with old blood and lined by epithelium, columnar near the base and 
flattened toward the periphery I believe it is a hematoma of endometrial tjpe 
Where could it have come from ? Compare Figure 40 



Fig 39 (Case 7) — Cross-section of two of the fused epiploic appendages 
They have become fused and are invaded by tubules of endometrial type 


occasional exception To attempt to remove the pelvic implantation 
adenomas and disregard the condition in the ovaries or to preserve 
ovarian tissue is attended with the danger of possibly leaving an 
important focus in the ovaries for reimplantation, and, furthermore, 
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the persistence of ovarian function may stimulate the growth of 
implantations, which were not removed, wherever they may be 
situated (Case 12) My present reaction in these cases is to remove 
the uterus, both tubes and ovaries, and to disregard the implantations 
(including intestinal), except as they may be easily removed for 
histologic study (Cases 4, 7, 8, 10 and 11) The uterus is often retro- 
flexed and adherent, and myomas and other pathologic conditions are 
present, as shown in the cases reported in this and in the previous 
series There are, therefore, often indications for the removal of the 
uterus, tubes and ovaries other than the implantations and ovarian 
hematomas I have occasionally saved ovarian tissue in these cases. 



Fig 40 (Case 7) — Perforated hematoma (of endometrial tjpe) of the left 
ovary with implantation adenoma on the posterior surface of the uterus (a and 
c) and the right ovary (d), fibroma of the right ovan', submucous leioinjoma 
of the uterus Posterior view of the uterus and tubes, ovaries turned upward, 
showing their under and lateral surfaces , X % On freeing the adherent left 
ovary a small amount of “chocolate” fluid escaped from a pre-v lous perforation 
(/>), w’hich w'as reopened The o\ar}, which is shown in cross-section con- 
tained two hematomas of endometrial tj'pe, one (t) had not perforated and the 
other (/) had Implantation adenomas of endometrial tjpe are present at 
o, and c The right ovar\, which is shown m cross-section, contained a 
fibroma The lining of the perforated hematoma of the left o\ar3 is similar to 
the one shown in Figure 36 The left o\arian hematoma of endometrial t\pe 
with evidence of a previous perforation indicates a source of the implantation 
adenomas 
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Fig 41 (Case 2) — Implantation adenoma (of endometrial tvpe) of the sig- 
moid, uterus, rectum, ovaries and perforated hematoma of endometrial type of 
the left ovary, small leiomyomas of the uterus Sagittal section of the pelvis 
CX.V 2 ), showing the condition found at operation On drawing the uterus 
upward and forward the rectum and lower sigmoid were carried with it because 
they were fused with the posterior wall of the cervix and uterus Indentations 
of the sigmoid were situated at A and B The one situated at A was the more 
evident of the two, the wall of the sigmoid about the indentation was thickened, 
and on palpation it simulated carcinoma On freeing the left ovary an ovarian 
hematoma (/;) was ruptured (/>) , compare cross-section of the left ovary m 
the insert This proved to be a hematoma of endometrial type fully described 
in Case 19 of the previous publication The indurated area A of the sigmoid 
was excised and a section of this area is shown in the insert and m Figure 42 
Implantation adenoma was also found invading the posterior uterine wall, the 
left broad ligament (Fig 45) and the surface of both ovaries What is the 
source of these implantations^ The ovmrian hematoma of endometrial type of 
the left ovary with evidence of a previous perforation could have furnished the 
epithelium from which these implantations arose, just as ovarian cancer with 
evidence of a perforation gives rise to peritoneal implantations 
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as in Cases 1 and 5 of this series and in some of those reported in 
the previous series and intended to do so in selected cases Three of 
the patients whose cases were reported in the previous series were 
not relieved by the operation and one was operated on again ^ I am 
awaiting with great interest the end-results of all of these cases 

We must not lose sight of the fact that for many years we have 
been operating m these cases without realizing the exact nature of 
the disease The results have been for the most part quite satisfactory, 



Fig 42 (Case 2) — Section of the wall of the sigmoid which was excised 
(Fig 41 A) It shows a tjpical adenoma of endometrial tjpe The implanta- 
tion apparenth began on the peritoneal surface, possibK through an epiploic 
appendage, indicated by the arrow and in\aded the subserosa and then wormed 
Its waj through the muscularis forming hematomas {H) in the submucosa 
The latter were filled with retained “menstrual blood The hematoma on the 
left IS m part lined In t\pical uterine mucosa The patient complained oi 
d\ sinenorrhea and s>mptoms of intestinal obstruction at the menstrual period 
The distention of the hematomas with blood at the menstrual period offers m 
explanation of the cause of the intestinal obstruction at that time 
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Fig 43 (Case 2) — A small uterine ca\ity found in a section of the wall of 
the sigmoid 



Fig 44 (Case 2) — Endometrial polyp invading a lymph vessel in the sub- 
serosa of the sigmoid These polyps are frequently found in implantation 
adenomas of endometrial type 
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because the growth is usually of only histologic interest or only mildly 
invasive, and often the proper operative treatment was used without 
realizing it I wish to emphasize what seems to me to be an important 
practical point On detecting what appears to he a carcinoma of some 
portion of the intestines, especially of the sigmoid and rectosigmoid, 
the surface of this area should be carefully inspected to see whether 
it presents the external features of an implantation adenoma of this 
type (Figs 4, 14, 19, 27, 32 and 37) , other implantations should be 
looked for, and, most important of all, the ovaries should be care- 
fully examined to see whether a hematoma is present with evidence 



Fig 45 (Case 2) — Implantation adenoma (a) on the surface of the broad 
ligament and invading a lymph vessel in the broad ligament Two endometrial 
polyps (e, p) are shown, the larger one came from the adenoma (b) of this 
illustration The invasion of the lymph vessels by these adenomas suggests that 
they may metastasize through these channels and offers one explanation for the 
appearance of adenoma in the groin The miasion of the uterine \\all uas 
described in the previous article 

of a previous perforation, bearing in mind that the otarian hematoma 
may be small (Fig 52) If these are found, the true diagnosis is 
evident My present opinion is that on making such a diagnosis it is 
preferable not to resect the portion of the intestine m\ol\ed but to 
deal with the pelvic organs as I have just stated 

THE ORIGIN AND Dn\ELOPMENT OF 0\ \K1 \N HEM \TOM \S 
or ENDOMETRI\L TYPE 

In the pre\ lous communication I ^ described small hcmorrlngic 
areas in the oxanes of three patients that had been oper ted on 
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during their menstrual period Histologieally, these areas jiroved to hz 
due to hemorrhage about, or into, a space lined by tissue of endometrial 
type I stated that I believed that these glandhke spaces were lined by 
epithelium of endometrial type, as shown by their structure and by 
their function (menstruation) I also stated that ovarian hematomas 
of endometrial type might arise fiom this misplaced epithelium either 



Fig 46 (Case 1) — Section of the wall of the sigmoid showing an adenoma 
of endometrial type invading it A portion of the sigmoid was resected (diag- 
nosis of carcinoma) The left ovary was cystic and adherent The left tube and 
ovary were_^ removed There was no note in the record of the case in regard 
to the exact cond'tion of the ovar 3 ^ (operation twelve years ago) The portal 
of entry of the implantation was apparently on the surface of the intestine near 
the place indicated by the arrow The adenoma first invaded the subserosa and 
then wormed its way through the muscularis forming a hematoma at H The 
section suggests that the portal of entry might have been through an epiploic 
appendage Many of the epithelial cells in the dilated tubules were ciliated 

by relining a follicular hematoma which might rupture near, or into 
them (the secondary epitheliahzation of follicular hematomas) , or by 
hemorrhage (menstrual) into the lumen of the gland or space, they 
may develop into endometrial hematomas which they already are in 
miniature (Fig 62) I have been unable to demonstrate the secondary 
epitheliahzation of follicular hematomas Many sections which I have 
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seen might be interpreted as such, but all of these can be be^^’^er 
explained by the regeneration of an endometrial hematoma, after 
hemorrhage and perforation, from epithelium left behind or possibly 
from cells which escaped through the perforation but which have grown 
m again I have found every stage m the development of ovarian 
hematomas of endometrial type from these glands and tubules lined 
by tissue of endometrial type which may react to the menstrual impulse 
If these tubules or glands are situated near the surface of the ovary, 
perforation occurs while they are still small (Fig 62), a few milli- 
meters in diameter or even microscopic in size Epithelium may escape 
into the peritoneal cavity from these miniature hematomas (perforating 
hemorrhagic cysts) and give rise to implantations Repeated hemor- 


a 



Fig 47 (Case 9) — Implantation adenoma (of endometrial type) on the 
appendix and its mesentery, invading the former at ad, Figure 48 The appen- 
dix, uterus and both tubes and ovaries were removed (operation by Dr Elting) 
The dark elevations on the surface of the appendix and its mesentery consist of 
typical endometrial tissue with hemorrhage in its stroma (Fig 49) Adenoma 
of endometrial type was also found invading the posterior wall of the uterus 
What is the source of these implantation adenomas of endometrial type'^ 
Typical hematomas of endometrial type were present in both o\aries \vith 
evidence of perforation 

rhages into the lumen of the smaller cysts, with loss of the overl}ing 
epithelium and repeated perforations, may destro} the cjst If the 
endometrial tubule is situated in the deeper portion of the o\ar\, then it 
may develop into a large hematoma before perforation as in Figures 13, 
18, 19 and 28 In the pretious communication I referred to the pig- 
mented “luteal” lining in parts of some of the hematomas which diftered 
from that of a corpus luteum hematoma At that time I belie\ed that 
this “luteal” like lining in man\ of the specimens arose from hemor- 
rhage into the wall of an endometrial c\st with subsequent loss of the 
ocer-lving epithelium and the retention of the blood pigment in the 
tissues and cells of the c\st wall and this is true There were other 
instances in which this pigmented la\er re-cmblcd the remains of a 
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corpus luteum and I was uncertain as to its origin in these cases The 
endothelial leukocytes, which often play an important role in the 
development of the pigmented “lutear’ layer, may sometimes simulate 
in their appearance and arrangement true luteal cells My later studies 
have shown me that the development of all of the luteal-like layers in 
all the sections which I have studied of tins tyiic of ovarian hematoma 



Fig 48 (Case 9) — Implantation adenoma (of endometrial type) on the sur- 
face of the appendix and invading its wall at ad Cross-section of the appendix 
and its mesentery taken through one of the hemorrhagic elevations shown m 
Figure 47 

may be traced from hemorrhage into the ovarian tissue lining the hema- 
tomas and its invasion by endothelial leukocytes The various changes 
which take place in these hematomas during their development (includ- 
ing their reaction to menstruation) and retrogression must be reserved 
for another communication 

How does the epithelium of endometerial type reach the ovary ^ Is 
it of mullerian or wolffian duct origin ’ Ciha are sometimes present o*i 
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the epithelium lining these tubules in the ovary, likewise on the epithe- 
lium in the larger hematomas and m the implantation adenomas Cilia 
may sometimes be found on the epithelium of the uterine mucosa, 
more often on that lining the fallopian tubes and at times in the 
“adenomyomas” arising from the invasion of the uterine and tubal 
mucosa into the walls of the uterus and tul>e The most natural con- 
ception of their origin would be that they arise from developmenta’ly 
misplaced mtillenan epithelium (Russell) or from the invasion of 
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Fig 51 (Case 6) — Photomicrograph through a sniaJI pigmented area on the 
lateral surface of the right ovary showing tubules of endometrial type (<7) 
similar to those found in the appendix (some of the cells were ciliated) The 
right ovary was lightly adherent (compare adhesions ad) in the photo- 
micrograph Two small areas of pigmentation were noticed on the lateral and 
lower surfaces of the ovary The pigmentation was due to the remains of a 
former stromal hemorrhage The condition may be the remains of a small 
ovarian hematoma of endometrial type, as in Figure 52 Repeated hemorrhages 
and perforation with the casting off of the epithelium lining the hematoma may 
have removed the greater portion of this epithelium and the present condition 
arose from the repair which followed A few epithelial cells remained and 
these developed into tubules or glands (ff) Some of the epithelium which 
was cast off could have given rise to the implantations in the appendix and m 
the culdesac 


tubal epithelium from the fimbriae in contact with the ovary Tubules 
are sometimes present m the hilum of the ovary which are apparently 
of wolffian duct origin and these might be considered as a source of 
these hematomas 

The data which I have been able to obtain suggest that tubal and 
uterine epithelial cells may, under certain circumstances (as an 
abnormal mensti nation with a backflow), be expelled from the 
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fimbriated end of the tube and lodge on the surface of the ovary They 
may become embedded m the tissues of the ovary and, true to their 
type, form glands and tubules which may actually invade the ovary 
The process is analogous to that which results from the implantation 
of epithelial cells on the peritoneum from the perforation of ovarian 
hematomas of endometrial type, as described in the previous and also 
m this communication Some of these glands and tubules which have 
invaded the ovary react to menstruation and develop into hematomas 
of endometrial type (Fig 62) If they are situated near the surface of 
the ovary, perforation occurs edrly (while the hematoma is small. 



Fig 52 (Case not reported in this senes) — Photomicrograph of a small per- 
forated hematoma of endometrial type of the ovary This hematoma was about 
1 5 mm in diameter It is lined by epithelium of endometrial type some of 
which IS ciliated , underlying stromal hemorrhage (menstrual) is present Some 
of the epithelium has been cast off by this hemorrhage rupturing into the lumen 
of the hematoma A perforation of the hematoma is present and implantation 
adenomas were also found in the culdesac, invading the posterior wall of the 
uterus Repeated hemorrhages and resulting loss of the epithelial lining of 
the hematoma followed by repair might give rise to the condition shown in 
Figure 51 If all of the epithelium was destroyed it might in time be impossible 
to find any trace of the hematoma in the ovary and I believe that this some- 
times occurs 


Fig 52) and some of the epithelium lining the hematoma, which has 
been expelled into the cavity of the latter by the subepithehal hemor- 
rhage of menstruation, may be carried with the hemorrhagic contents 
of the hematoma through the perforation into the peritoneal cavity 
Implantation adenoma of endometrial type may arise from the con- 
tents of such a hematoma as well as from the larger ones , but they 
are apparently not so widely distributed If the hematoma develops 
from a tubule which has penetrated the deeper tissues of the ovary. 
It may reach a larger size before perforation occurs and a larger 
amount of menstrual blood, including epithelium, may escape into the 
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pelvis than from a smaller hematoma Implantation adenoma from a 
perforated ovarian hematoma may arise on any of the pelvic structures, 
including the surface of the ovary from which the perforation has 
occurred, and also on the opposite ovary and develop into other ovarian 
hematomas I consider the ovary as a sort of intermediar}'^ host, hotbed 
or incubator A very interesting phenomenon is evident in many of 
these cases, that is, the epithelium expelled from these hematomas 
often displays a greater degree of vigor and invasiveness than similar 
epithelium manifests m the ovaries with hematomas which have not 
perforated I also believe that it is possible that tubal and uterine 
epithelium escaping from the tube may become deposited on the sur- 
face of other pehic structures than the ovary and may give 
rise to implantation adenomas similar to those from a perforated 



Fig 53 (Case 3) — Implantation adenoma (of endometrial tj'pe) of the ileum 
About 4 inches (10 cm ) from the cecum a loop of the ileum was found to be 
thickened and the adjacent walls of the intestine were fused together This 
portion of the ileum was resected and an end-to-end anastomosis was per- 
formed (operation by Dr Sadlier) Figure A represents the appearance of 
the loop Figure B shows the appearance of one half of the loop after cutting 
across the intestine and separating the adherent walls The adenoma had 
developed on the surface of the intestine and had invaded the adjacent walls 
which in places were greatly hypertrophied, thus narrowing the lumen of the 
intestine, also shown in Figure 54, a section from another portion The eleva- 
tion at (7 IS a growth (implantation), histologically similar to a uterine polyp 

ovarian hematoma In the cases which I have interpreted as possibl}- 
arising in this manner, the implantations have not shown the same 
degree of vigor and invasiveness as those usually found when an 
ovarian hematoma with evidence of a previous perforation is present, 
and histologically they may differ in minor ways It is for these reasons 
that I look upon the ovary as an intermediary host, a hotbed or incu- 
bator In the cases above referred to, the implantations may have come 
from a small ovarian hematoma which has disappeared 
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This theory as to the origin of these ovarian hematomas and also 
their relation to endometrial implantations is based on the following 
data The ovarian hematomas are of endometrial type as shown by 
their structure, function (reaction to menstruation) and their endo- 
metiial implantations They are rarely found m women under 30 
years of age If of developmental origin, we would expect to find them 
m younger women They develop during the menstrual life of the 
patient m a period when tubal and uterine epithelium might escape 
from the fimbriated end of the tube and become deposited on the 



Fig 54 (Case 3) — Adenoma (of endometrial type) invading the ileum Cross- 
section of the intestine showing the adenoma invading its wall and the marked 
thickening of the circular muscle What is the source of the adenoma ^ Com- 
pare Figure 57 

surface of the ovary just as peritoneal implantations arise from the 
perforation of ovarian hematomas In forty-nine cases of perforated 
ovarian hematomas which I have studied, the tubes were apparently 
patent in all, suggesting that this avenue for this source of implanta- 
tion was open These hematomas usually develop on the lateral and 
the under surfaces of the ovary, the portions of the ovary most likely 
to be soiled by material escaping from the lumen of the tube, as well 
seen in the ovarian adhesions found m pelvic inflammatory disease of 
gonorrheal origin, and they are also often bilateral 
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In thirty-seven cases of ovarian hematomas of endometrial 
type with perforation, in which I have studied microscopically 
the tissues involved m the adhesion apparently resulting from 
escape of the contents of the cyst, adenoma of endometrial type 
was found in all but one specimen On the other hand, m three cases 
of typical ovarian hematomas of endometrial type without any evi- 
dence of perforation, adhesions were not present in the pelvis and there 
was not any gross evidence of implantation adenomas, the pelvis was 
examined very carefully in each instance In the cases of perforated 
ovarian hematoma with implantation, the extent of the implantation 
usually varied with the size of the hematoma and apparent size of 
the perforation The larger the hematoma and the greater the size 
of the perforation the more extensive the distribution of the 
implantations 



Fig 55 (Case 3) — Adenoma (of endometrial type) invading the wall of the 
intestine Photomicrograph showing the adenoma pouring into the muscular 
coats of the intestine 

May implantation adenoma occur from other 'sources than a per- 
forated ovarian hematoma of endometrial type^ I believe that this 
is possible, although it is difficult to exclude the ovarian source in any 
case The ovarian hematomas may be very small and easily missed 
(Fig 52), or as the result of repeated hemorrhage and loss of epithe- 
lium, they may become inconspicuous (Fig 51) or even disappear I 
believe that tubal and uterine epithelium escaping from the tube into 
the peritoneal cavity might, under proper conditions, give rise to 
implantation adenomas in the culdesac oi wherever the epithelium 
may lodge, just as I believe the ovarian hematomas arise from this 
source During the last year and a half I have operated on six 
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patients for uterine myomas m whom small peritoneal implantations 
of endometrial type were found in the culdesac without gross evidence 
of a perforated hematoma m the ovaries One or both ovaries were 
removed m each instance In the ovaries of three of the six patients, 
tubules of endometrial type were found, which I interpreted as the 
possible remains of a small ovarian hematoma which had perforated, 
or they were tubules wdiich had not developed into hematomas In a 
fourth specimen, an area containing pigmented cells w'as found in 
the ovary, wduch suggested the remains of a small ovarian hematoma 
In the other tw'o cases, tubules of endometrial type w'ere not found 
in the ovary and there w'as not any evidence of a previous stromal 



Photomicrograph of the appendix and its mesentery showing the adenoma (ad) 
invading the appendix at its mesenteric attachment Cross-secUons of small 
tubules of endometrial type are shown at a and a (From a section lent bj Dr 
H P Carpenter) What is the source of the adenoma^ Compare Figure 57 

hemorrhage These may have been missed, as serial sections of the 
ovaries were not made In the other thirty-eight instances of pelvic 
adenoma of endometrial type, an ovarian hematoma or hematomas 
of endometrial type w^ere present, wuth evidence of previous perfora- 
tion which could account for the adhesion and implantations It is 
interesting to note the difference in the character of the implantations 
where there w^as no gross evidence of an ovarian hematoma w'lth 
perforation They were usually small and inconspicuous as compared 
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with those usually found in the pelvis associated with ovarian hema- 
tomas with evidence of perforation, and histologically they usually 
diftered from them in minor ways I also believe that implantations 
from both sources may be present in some cases 

The epithelium lining these tubules in the ovary is often ciliated, 
in some instances lesembling that of the fallopian tube, and in others 
that of the uterine mucosa In one instance, the epithelium in places 
resembled the mucosa of the uterine cer\ ix These tubules might also 
develop into ovanan cysts and carcinoma The carcinoma shown in 
Figures 1 and 2 may ha\e arisen from this source Some of the 
epithelium of the glands in this carcinoma resembled very closely 
uterine epithelium even to the presence of cilia 

The epithelium lining some ovarian cysts very closely resembles 
that of the mucosa of the uterine cervix and some of these cysts 
may arise fiom the tubules of endometrial type of the ovary Refer- 
ences to the hteiature on ovarian hematomas and ectopic growths 
of endometnal tissue m the pelvis may be found in the previous com- 
munication 

Rcpour or CAsns 

C\SL 1 — 4dcnouia {of ciidomclnal type) of the sigmoid, odhcicnt cvstic 
left ovaiy (whethci ot not containing a hematoma of cndonutnal type teas not 
detci nuned) Mrs G N G, aged 36, complained of pain in the left lower 
abdomen and a sense of lack of support She had had two children, the 
youngest, 9 years old Menstruation was regular, moderate in amount and 
accompanied with pain (the duration of the dysmenorrhea was not noted in 
the case record) The patient was not constipated Pelvic examination dis- 
closed a weakened pelvic floor with cystocele and rectocele The uterus was 
in normal position with what felt like an inflammatory mass occupying the 
position of the left tube and ovary The preoperative diagnosis was a weak- 
ened pelvic floor and pelvic inflammatory disease of the left side 

At operation at the Albany Hospital, Feb 10, 1909, the left ovary was found 
to be cystic and densely adherent The right tube and ovarj’’ appeared to be 
normal The left tube and ovary were removed There is no note m the 
case records as to whether or not the cyst was torn and whether any “chocolate 
fluid escaped into the pelvis An indurated area was noticed in the wall of 
the sigmoid just below the pelvic brim This was thought to be a carcinoma 
of the sigmoid, and about 8 cm of the intestine was resected and repaired by 
an end-to-end anastomosis A section of the intestine showed a typical adenoma 
of endometnal type, apparently invading the sigmoid from its peritoneal surface 
(Fig 46) The cystic ovary was not examined histologically and I do not know 
whether or not a hematoma of endometnal type was present The patient 
developed a postoperative phlebitis of the left leg, followed by symptoms of a 
pulmonary embolus She eventually recovered and has remained well 

Case 2 (Case 19 of previous senes) — Implantation adenoma (of endometnal 
type) of the sigmoid, posterior wall of the uterus, ante) tor wall of the rectum, 
and both bioad ligaments, hematoma (of endometrial type) of both ovaries 
zvith evidence of previous perforations Mrs J W, aged 45, complained of 
marked constipation with attacks of partial intestinal obstruction, beginning 
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two jears before the operation and gradually increasing in severity She had 
two children, the youngest being 6 years old Menstruation was regular, 
moderate and without pain until the last two years During this time, pain 
had been present, increasing in severitj, and the flow had been decreasing m 
amount The patient w'as operated on the last day of the flow It is of 
great interest to note that the attacks of the most marked constipation occurred 
w ith the menstrual period These had been especially bad during the last year 
The pain w as so severe that the patient had to remain in bed , the abdomen 
became distended, and sometimes there was nausea and vomiting Bow'el 
mo\ements were obtained wnth the greatest difficultj No blood was ever 
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observed in the evacuations The abdomen remained tender for about a week 
after the cessation of the flow Pehic examination demonstrated the uterus 
to be irregular, adherent and retro\erted Tlic appendages were not palpated 
No localized induration was detected m the culdesac Roentgenograms were 
made following a barium enema, but no definite point of obstruction was 
found The preoperative diagnosis was an adherent mvomatous uterus with 
possibly a malignant growth of the sigmoid The true condition was not 
considered 


At operation at the Alban\ Hospital, Feb 17, 1921 the uterus, containing 
small leiomjomas, was retro\crted and adherent to the rectum A small 
amount of “old blood” was free in the pcUis Both o%aries were cystic, 
enlarged, and adherent to the posterior surface of the uterus On freeing the 
ovaries, “chocolate” fluid escaped There were two definite, puckered areas 
in the sigmoid One area was situated just above the apparent rectosigmoidal 
junction and the other 8 or 10 cm above this one The upper area was not 
involved in, or continuous w ith, the adhesions uniting the uterus to the sigmoid 
or those between the ovaries and the uterus (Fig 41) On palpating each 
of these puckered areas, a definite nodule could be distinctlj felt, apparently 
projecting into the lumen of the sigmoid The upper one was the larger The 
correct diagnosis was now apparent The appendix was first removed, then 
both tubes and ovaries and the entire uterus The separation of the uterus 
from the rectum was extremely diflicult for apparcntlv the growth had invaded 
It and also the broad ligament on both sides The upper and larger nodule 
m the sigmoid was excised and an end-to-end suture of the intestine was 
made Histologically, the larger cyst of the left ovary was lined by a single 
layer of epithelium the cuboidal type predominating, with evidence of recent 
hemorrhage into the underlying stroma Adenoma of endometrial type was 
found lining the smaller evst or pocket and it was also found on the surface 
of the ovary between it and the uterus The larger cyst of the right ovary 
was a graafian follicle cyst , but the smaller hemorrhagic cyst or pocket was 
lined by an adenoma of normal endometrial type, there was adenoma of 
endometrial type on the surface of the uterus, superficially invading its poste- 
rior wall A similar adenoma invaded the wall of the sigmoid from its peri- 
toneal surface and extended through the entire wall into the submucosa 
(Fig 42) The patient made a satisfactory' convalescence and has remained 
well The end-result is awaited with great interest to determine the fate of 
the adenoma undoubtedly' still present in the sigmoid and in the culdesac 


Case 3 (Dr Sadlier’s case) — Implantation adenoma (of endometrial typO 
of the tleum and appendix, hematoma (of cndometiial type) of the light ovaiy, 
multiple leiomvomas of the utcius In April, 1921, Dr Lawrence Early showed 
me a section from the small intestine, of which he had made a diagnosis of 
adenomyoma The section had been sent to the state laboratory by Dr ^ ^ 
Carpenter of Poughkeepsie I asked Dr Early to write to Dr Carpenter an 
to ascertain whether one or both ovaries had been removed and if so whether 


or not they contained any hematomas Dr Carpenter sent a tube and ovary 
and a portion of the small intestine to Dr Early The ovary which had been 
sectioned contained a typical hematoma of endometrial type, about 2 cni 
in diameter Dr Carpenter referred me to Dr J E Sadlier, who had operate 
on the patient, and it is through his courtesy that I am reporting this very 
interesting case Dr Carpenter kindly lent me the sections he had ma e 
from the specimen and with the help of these and the rest of the specimens, 
which he sent to Dr Early, I was able to reconstruct the portion o t ^ 


intestine as it probably appeared when first removed 
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Fig 58 (Case 12) — Implantation adenoma (of endometrial tjce) invading 
the posterior uterine wall, the ileum which was adherent to the latter and also 
the uterosacral ligaments Condition found at the operation after freeing the 
sigmoid and the ileum which were adherent to the uterus (natural size) The 
left tube and ovary had been removed four years before The ovary contained 
a hemorrhagic cyst (see report of the case) The sigmoid was adherent to the 
rough area of the uterus marked s Adenoma of endometrial type was 
found invading the uterus m this area The ileum was so densely adherent to 
the surface of the uterus marked i that in freeing it a portion of the w all of the 
former was left attached to the uterus (Figs 59 and 60) Adenoma was found 
in the greatly thickened uterosacral ligaments (Fig 61) What is the origin 
of these implantation adenomas^ The perforated hemorrhagic erst of the ovary 
removed four years ago mav hav^e been of endometrial tvpe and the condition 
found at the present operation maj' have been present at the first (not so far 
advanced) or the imp''antations maj have occurred in freeing the c 3 st at the 
first operation 
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Mrs E C , aged 42, complained of profuse menstruation of about two years’ 
duration She had heen married fourteen years but had never been pregnant 
Menstruation had licen regular and painful The pain had increased in 
severity lately and the flow had been more profuse She did not have any 
pain betw'cen the menstrual periods, and although constipated she did not 
give a history of s\mptoms suggesting intestinal obstruction 

March 25, 1921, Dr Sadlicr remo\ed multiple myomas, the right tube and 
ovary and the appendix He then noticed, about 4 inches (10 cm ) from 
the cecum, a fusion of the adjacent w'alls of a loop of the ileum w’hich felt 
hard and indurated and naturally' led to the diagnosis of malignancy He 
resected this loop of the intestine and reunited the ends by a Murphy button 
The portion of the small intestine remo\cd show'ed that an implantation 
adenoma of endometrial type had dc\ eloped on the surface of the intestine, 
fusing and invading the adjacent walls of the loop (Figs S3, 54 and 55) A 
similar adenoma iimdcd the appendix at its junction with its mesentery 
(Fig 56) There was a similar lesion in the right ovary and a hematoma of 
endometrial type, as already mentioned Figure 57 shows a common normal 
relation between the right o%ary, the terminal loop of the ileum and the 
appendix Ihc contents escaping from a perforation of a hematoma of the 
right ovary might easily soil the appendix and terminal loop of the ileum and 
gue rise to the implantation adenomas above described 


Case 4 — Imptantalion adenoma {of cndometnal type) of the sigmoid, poste- 
iior zvall of the uteius, both broad ligaments, tubes, left ovary, large hematoma 
{of endonietiial type) of the right ovaiy ivith evidcnee of a previous peif ora- 
tion Mrs W A F , aged 28, complained of severe pain at the menstrual 
periods She had one child, 6 y'cars old, and she had had a miscarriage three 
years previously I^Ienstruation had been regular and free from pain until 
the last year Since then she had had pain, worse on the right side, grad- 
ually increasing in seventy The last few months the pain w'as so severe that 
she W'as confined to her bed for tW'O or three days Constipation was increased 
during the menstrual period and bowel movements w'ere associated with great 
pain at that time The patient w'as operated on two weeks after the last 
menstrual flow Pelvic examination demonstrated the uterus to be of normal 
size, pushed forward and to the left by a cystic tumor which filled the pelvis 
and seemed to be adherent On rectal examination a definite localized area 
of induration could be felt in the anterior wall of the rectum The rectal 


mucosa was freely movable over it The preoperative diagnosis was per- 
forating hemorrhagic cyst of the ovary with implantations m the culdesac 


At operation at the Albany Hospital, May 5, 1921, there was found a cys 
of the right ovary, about 8 cm in diameter, which filled the pelvis, pushing 
the uterus forward and to the left (Fig 3) This cyst was densely adherent 
to the bottom of the pelvis and when it was freed a large amount of “chocolate 
fluid escaped Implantation adenomas of endometrial type were found invo v 
ing the wall of the sigmoid, its epiploic appendages and mesentery, also t e 
posterior wall of the uterus, broad ligaments and tubes (Figs 4 to 13) ^ 

appendix, both ovaries, tubes and the entire uterus were removed 


The cyst of the right ovary was bilocular, with a larger loculus communi 
eating with a smaller one It was lined by cuboidal to columnar epithe lum 
of endometrial type, with an underlying stromal hemorrhage An occasiona 
gland was found in the stroma The epithelium lining the cyst was similar o 
that found in the implantations (Figs 11 and 12) and in places the epithelium 
apparently been removed by the blood beneath it rupturing into the cavity o 
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cyst There was evidence of a previous perforation, through which blood con- 
taining the epithelium above mentioned might escape into the peritoneal 
cavity, and wherever it would lodge, this epithelium might grow and give rise 
to the deposits of endometrial tissue found in the pelvis of this patient I 
believe that this occurred 

The patient made a satisfactory convalescence I examined her last in 
July, 1921 The area of induration was still present m the anterior wall of 
the rectum but was apparently smaller 

Case S — Implantation adenoma (of endometi tal type) in the culdesac, fus- 
ing the antenoi wall of the lectuin tenth the postenoi wall of the cei~viv, large 



Fig 59 (Case 12) — Sagittal section of the uterus taken a little to the right 
of the median line indicating its relation to the ileum prior to the last operation, 
X % My interpretation of the etiology of this condition is as follows At 
the previous operation, four years ago, some of the epithelium lining the hemor- 
rhagic cyst of the left ovary became implanted on the posterior surface of the 
uterus and other portions of the pelvic contents and developed into implantation 
adenomas of endometrial type The ileum became adherent to the implantation 
on the posterior surface of the uterus and was superficially invaded by it (Fig 
60) The uterine wall was invaded to a much greater extent as indicated m 
this illustration and the next I believe the preservation of the right ovary ^\as 
responsible for the development of the adenoma from the implanted epithelium 

hematoma (of endometi lal type) of the left ovaiy with evidence of a previous 
pet f oration Miss E C, aged 39, complained of profuse menstruation asso- 
ciated with pain Menstruation had been regular, normal and free from pain 
until about six months previously Since then it had gradually increased in 
amount and was accompanied with pain The last menstrual period occurred 
a week before the operation The patient was constipated but this was not 
anj’ worse during menstruation Pehic examination demonstrated the uterus 
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tc be irregularly enlarged, filling the pelvis and extending upward almost to 
the level of the umbilicus Ibe preoperatnc diagnosis w'as a multinodular 
myomatous uterus The o%arian hematoma was mistaken for a subserous 
mj'oma, and the adenoma in the culdcsac was not detected 

At operation at the Albany Hospital, May 7, 1921, the uterus was found 
to contain sc\eral lciom 3 'omas The right ovarj w'as normal in appearance 
w'hile the left wms replaced b^' a cj'stic tumor about 6 cm in diameter, densely 
adherent to the left half of the lower portion of the pelvis The bottom of 
the culdcsac w’as obliterated 1)3 the fusion of the anterior wall of the rectum 
to the posterior wall of the cervix, and on drawing the uterus upward, the 
rectum was earned with it iii a characteristic manner (Fig 14) The portion 
of the anterior wall of the rectum which w'as attached to the cernx was 
indurated and jngniented blebs were present on its free surface about the line 
of fusion with the ccr\ix (Fig 14) When the o\arian hematoma was freed, 
its w ill was torn and a large amount of “chocolate” fluid escaped A small 
amount of similar fluid escaped when the rectum was freed from the cenix 
The ap()endix left tube and o\ar 3 and entire uterus were remoted The right 
tube and o%ar 3 were not remoied, ag.iinst m 3 better judgment, because the 
patient W'as most insistent that ocariaii tissue should be preserved Histo- 
logicallj', the posterior wall of the cenix showed a characteristic adenoma 
of endometrial t\pc The ovarian hematoma was for the most part lined bj 
a pigmented lajer, the result of prcMoiis hemorrhage without an epithelial 
co\cring Epithelium of endometrial t\pe w'as found m depressions of this 
pigmented laier near the hi him of the o\ar 3 ' and also structures resembling 
uterine glands (Figs 16 and 17) The patient made a satisfactory conva- 
lescence and has remained well I am aw'aitmg w'lth interest the ultimate out- 
come, as adenoma of endometrial t 3 'pe w'as left in the anterior w'all of the 
rectum and the remaining o\ar 3 may stimulate it to further grow'th 


Casl 6 — Implantation adenoma {of cndomctnal type) in the culdcsac, in 
the z*.all of the appciidn and in its mcscntciy, tubules (of cndomctnal tvt>c) in 
the I gilt ovaiv z>.itli cvidmcc of a picvious In mon liagc in the sui loundmg 
ovanan stioma, multiple leiomyomas of the ntcnis, cholelithiasis Airs P K, 
aged 42, complained of profuse menstruation and severe indigestion She had 
been married twelve 3 'ears but had never been pregnant Alenstruation was 
regular, free from pain and had been very profuse for the last four or five 
months The last menstrual flow occurred three weeks before the operation 
On abdominal palpation the right side of the abdomen was distinctly tender, 
the tenderness extending well up toward the costal margin Pelvic examina- 
tion revealed a nodular pelvic tumor, apparently arising from the uterus and 
extending about half way to the umbilicus The preoperative diagnosis was 
a multinodular myomatous uterus and chronic appendicitis or cholecystitis 
At operation at the Albany Hospital, Alay 24, 1921, the uterus was found 
to be irregularly enlarged by several leiomyomas The gallbladder was 
palpated and found to contain gallstones The appendix, w'hich was slightly 
adherent, was first removed The right ovary was also lightly adherent to tie 
side of the pelvis Both tubes and ovaries and the entire uterus were remove 
A small area of induration with pigmented spots was noticed in the culdcsac 
This was excised and found to be an adenoma of endometrial tvpe The ga - 
bladder was also removed Two small pigmented areas were noticed on tie 
lateral and free surface of the right ovary Histologically, the pigrnentatiow 
was found to be due to cells containing old blood pigment, the ® 

previous hemorrhage into the tissues of the ovary In this area g an 
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structures were found, some of which were dilated (Fig 51) Some of the 
cells lining these spaces were ciliated These areas might be interpreted as 
the remains of a small ovarian hematoma of endometrial type which had per- 
forated, and most of the epithelium had been destroyed In the repair which 
followed, some of the epithelial cells which had remained had proliferated, 
giving rise to these glandlike structures surrounded by the pigmented cells, 
the evidence of old hemorrhage Dr Thomas Ordway called my attention to 
glandlike structures in the wall of the appendix (Fig SO) They were similar 
to those m the ovary, even to the presence of ciliated cells There was not 
any evidence of hemorrhage into, or about, the glandlike structures of the 



Fig 60 — Adenoma of endometrial type of the posterior uterine wall and 
superficially invading the wall of the ileum which is fused to the uterus at this 
place Section of a portion of the wall of the ileum which is fused with 
(drawn into) the uterine wall at this situation I believe the implantation devel- 
oped on the posterior wall of the uterus indicated by the depression beneath the 
piece of intestine attached to it It only superficially invaded the wall of the 
intestine but has extensively invaded the uterine wall, giving rise to a typical 
so-called adenomyoma of the uterus, not arising from the direct invasion of 
the uterine mucosa from the uterine ca\itv or from the developmental inclusions 
of mullerian epithelium in the uterine wall or from a metaplasia of the peri- 
toneal mesothelium but from the implantation of endometrial epithelium from 
the epithelial lining of a perforated hemorrhagic cyst of the ovary (of endo- 
metrial type), as probably the majority of the ectopic pelvic adenomas (of 
endometrial tj'pe) shown in this and the previous communication arose (For 
another possible source of implantation adenomas of endometrial type, see text ) 

appendix What w'as the relation between the adenoma m the ovary to that 
m the appendix and culdesac^ A small ovarian hematoma of endometrial 
type which had perforated, thus scattering some of its epithelial lining, would 
account for the involvement of the appendix and culdesac The apparent 
remains of such a hematoma were found in the o\arv 

Case 7 — Implantation adenoma {of endometrial type) in the anterior uall 
of the sigmoid, similai adenomas involving the epiploic apbendages also on 
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the posteno) utcime ivall and tight ovaiv two hcmatovias {of endometrial 
tvpe) of the left ovaiv, one not pcifoiated, the othei with evidence of a 
piifoiation, tetioflexed uteiu , letonivoma and weakened pelvic ^ 00 / —Mrs 
J L, aged 44, complained oi\ teniic bleeding and a sense of lack of support 
She had one child 20 ^ears\lild Menstruation had been regular, at tunes 
profuse, but without pain Shi had been flowing almost continuously for more 
than two months and had lost a large amount of blood She was constipated 
hut not more so during the j leiistriial period Pehic e\amination repealed 
a weakened pchic floor, a sn|ill cer\ical poljp, a retrofleved uterus, slightly 
enlarged and ^crJ hard The preoperatne diagnosis was a weakened pehic 
floor, cervical polj’p, retroflexed uterus with myofibrosis, an intramural or 
submucous myoma 

Operation at the AIban\ Hospital, July 8, 1921, demonstrated the uterus to 
be enlarged, rctroflexed and freely' movable The left ovary w’as densely 
adherent to the side of the peh is, and when it was freed, a small amount of 
“chocolate" fluid escaped 1 he peritoneum of the anterior surface of the lower 
sigmoid was in places thickened and white as though scar tissue had arisen from 
some irritating substance which had “burnt” it On one of these scarred areas 
there W’as a small hemorrhagic bleb (Tig 37), w'hich was excised Two of the 
epiploic appendages on either side of this area were adherent to each other, as 
though they' had been ligated (Figs 37 and 39) These were removed The 
appendix, both tubes and ovaries and the entire uterus were remo\ed and the 
pehic floor w'as repaired The hemorrhagic bleb embedded in the sigmoid was 
lined by low' to cuboidal epithelium and its caMty was filled w'lth old blood I 
belie\e it w'as a hematoma of endometrial t\pe The fused epiploic appendages 
w'cre invaded by tubules of endometrial type (Fig 39) The hematoma of the 
left ovary w'lth CMdenccs of perforation could ha\e given rise to the implanta- 
tion The implantations on the uterus and right ovary w'ere adenomas of 
endometrial ty'pe The tw'o hematomas of the left ovary' w'ere typical hematomas 
of endometrial type The patient de\ eloped a postoperatn e intestinal ileus 
W'hich W'as relieved by' an enterostomy Othcrw'ise she made a satisfactory 
convalescence 

Case 8 — Implantation adenoma (of ciidomctrun tvpe) of the sigmoid and the 
postciioi and antciwi siiifaces of the 1 eti ovci ted iiteiiis, latge hematoma (of 
endometi lal type) of the left ovary xuith evidence of a ptevious peifoiation 
Mrs F W T , aged 47, complained of pain in the left lower abdomen and con- 
stipation at the menstrual periods She had had one child, ten years ago 
Menstruation was moderate in amount and ahvays associated with some pain 
This pain had gradually' increased in severity during the last three years and 
especially during the last four months The pain had been so severe during the 
last four months that she was forced to spend one or tw'o days in bed The 
pain was worse on the left side Constipation had been increasing and was 
worse during menstruation The patient did not have any' pain betw'een the 
menstrual periods Pelvic examination demonstrated the uterus to be retroflexed 
and fixed in the pelvis with an adherent cystic mass, the size of a small orange, 
occupying the region of the left ovary The bottom of the culdesac (best 
detected on rectal palpation) felt slightly nodular The preoperative diagnosis 
was a probable, perforated hematoma of endometrial tvpe of the left ovary, wit 
implantations in the culdesac and adherent retroverted uterus 

At operation at the Albany Hospital, July 21, 1921, the uterus was found to 
be retroverted, with the sigmoid adherent to the fundus Small peritoneal cys s 
with encapsulated blood w'ere found on the surface of the uterus at the junction 
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of the fundus and adherent sigmoid and one on the anterior surface of the uterus 
belo\v the origin of the left round ligament There was a similar bleb on the 
mesenterjf of the sigmoid at the pelvic brim and a characteristic lesion on the 
anterior surface of the sigmoid (Figs 26 and 27) The uterus was adherent to 
the sigmoid and rectum, posteriorl 3 ' When the denselj^ adherent ovarian 
hematoma was freed, its wall was torn and a large amount of “chocolate” fluid 
escaped The wall of the hematoma was so densely adherent to the side of 
the pelvis that it was removed m fragments Both tubes were apparentlj patent 
and the right ovary seemed normal An indentation was found in the wall of 
the lower sigmoid, with thickening of the tissues about it and characteristic 
small pigmented areas on the surface of the intestine (Fig 27) The appendix, 
both tubes, ovaries and the entire uterus were removed The implantations in 
the sigmoid were not disturbed The greater portion of the posterior wall of the 
uterus was superficially invaded by an endometrial adenoma Similar tissue 
was found m the anterior wall of the uterus beneath the small hemorrhagic 



Fig 61 (Case 12) — Cross-section of the left uterosacral ligament showing 
that it is invaded bj^ an adenoma of endometrial tjpe, the dilated tubules of 
which were distended with menstrual blood prior to the operation 

cysts I believe the blood in the cysts arose from the underljung adenoma and 
was menstrual Sections of the wall of the left ovarian hematoma showed that 
It w'as lined by pigmented tissue resulting from previous hemorrhages The 
epithelium, for the most part, was lacking, except near the hilum of the o\arj 
The hematoma of the left ovary with evidence of perforation could haie been 
the cause of all the implantations The patient made a satisfactor\ con- 
valescence and has remained w'ell 

Case 9 (Dr Eltmg’s case) — Implantation adenoma (of endometrial t\pe) 
of the appendix and postciior uterine luall, hematoma (of endometrial type) of 
both ovaues zuith evidence of perfotahonz September 30 of this %ear. Dr 
A W Eltmg show'ed me a specimen of the uterus, tubes, oiaries and appendix, 
which he had just removed and had correctlj interpreted as one of implantation 
adenoma wuth perforated hemorrhagic c\sts of both o\aries He ga\e me 
permission to study the specimen and it is through his courtesj that I am 
reporting the case 
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Mrs R , aged 47, complained of abdominal pain She had had one child, 
twenty-three years preMouslj Two 3 ears ago she had an attack of pain 
m the lower abdomen, the symptoms suggesting peritonitis She had a similar 
attack, September 5, of this jear, htgmnmg on the first day of the menstrual 
period At the operation at the Albany Hospital, Sept 30, 1921, Dr Elting 
found the intestines and omentum stained i dirtj brown (old blood) , this was 
most marked m the pelvis The uterus was firmlj adherent to the rectum He 
removed the uterus, tubes, o\aries and appendix Both oianes coiuained typical 
hematomas of endometrial tjpe with evidence of a prcrious perforation 
Implantation adenoma of endometrial t\pe was present on the posterior surface 
of the uterus, wdiicli it had iinaded The surface of the appendix was studded with 
reddish elevations w’hich histologicill}’' pro\ed to he implantations of typical 
uterine mucosa (Figs 47, 4S and 49) 1 he hemorrhage into the peritoneal 

cavitj' undoulitedlj' arose from menstrual blood escaping from the implantations, 
the o\arian hematomas or both It is most significant that the present attack 
of abdominal pain occurred on the first da\ of the menstrual period The 
o\arian hematomas with t\idence of a previous perforation could ha\e gnen 
rise to the implantations 

Casi 10 — liiiplaiitalioit (idciioma (of cndomch lol typt) of the tcclum, ncto- 
vaqinal septuvt, epiploic appt^udaqc of the sigmoid, iiicsciitciy of the appendix, 
tubes, posteno) laxtts of the btoad ligaments and postenor uterine wall, 
hematoma (of cndomcti tal type) of both ovaries, evidence of a previous per- 
f 01 at ion of the hematoma of the tight ovarv, multiple leiomyomas of the uteius 
Mrs W W C, aged 40, complained of se\erc djsmenorrhca and pressure sensa- 
tions m the rectum, the latter most marked during the menstrual flow She had 
been married thirteen jears hut had never been pregnant Menstruation had 
always been painful, gradual!} increasing m severity during the last year and 
especially during the last four months The amount of the flow' had increased 
during the last year Backache and pressure sensations in the rectum were most 
marked the third and fourth davs of the flow' and lasted for a w'eek after the flow 
ceased Constipation had also increased the last 3 'ear but w'as not alwa 3 's worse 
during the menstrual flow' The patient was operated on four days after the last 
menstrual period Pelvic examination demonstrated the uterus to be irregularly 
enlarged and fixed in the pelvis There was marked irregular induration in the 
culdesac, with an oblong mass the size of one’s thumb extending dow'n between 
the rectum and vagina to the right of the cervix (Fig 25) The preoperative 
diagnosis was implantation adenoma of endometrial tvpe m the culdesac with 
extension downward to the right of the cervix in the rectovaginal septum, mul- 
tiple leiomyomas of the uterus and probable perforated hematoma of endo- 
metrial type of the ovary 

At operation at the Albany Hospital, Oct 22, 1921, the uterus was found to 
contain several leiomyomas On drawing it upward and forward the anterior 
rectal wall was carried with it, as it was fused with the posterior wall of the 
uterus The right ovary was enlarged and adherent to the posterior layer o 
the right broad ligament Small pigmented cysts were found on the posterior 
wall of the uterus, on the anterior wall of the rectum just above the line of fusion 
with the uterus, and also on the postenor layer of the right broad ligament 
along the line of fusion with the ovarian hematoma Implantations were a so 
present on the posterior layer of both broad ligaments just beneath the tu es 
(Fig 19) The appendix was removed On freeing the right ovary 
attachment to the posterior layer of the right broad ligament, chocolate u^^^ 
escaped The uterus was separated from the rectum with great difficu ty o 
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Fig 62 (Case not reported in this senes) — The development of a small per- 
forated hematoma of endometrial type from glands or tubules of endometrial type 
in the ovarv which react to menstruation These three drawings were made from 
different parts of the same ovary Section A shows a gland or tubule lined by 
columnar epithelium, some of which is ciliated (The probable origin of such 
a gland is discussed in the text ) The dark area to the left of the gland indi- 
cates a stromal hemorrhage Section B shows a later stage, the tul ule or 
gland has become larger It is now a small cyst lined by epithelium of endo- 
metrial type with stromal hemorrhage all about it and evidence that, pre\i- 
ously, some of the blood in the stroma had escaped into the cavity of the cjs 
This cyst is gradually approaching the surface of the ovary and perforation 
would probably occur before it becomes much larger Section C shows one of 
these cysts which has perforated, one half the magnification of A and B and 
from the same section as that shown in Figure 52 Some of the blood in the 
stroma surrounding the cyst had broken through into its lumen, carrying with 
It some of the overlying epithelium Perforation had occurred into the peri- 
toneal cavity and some of the contents of the hematoma, including epithe'ial 
cells, escaped through the perforation and might ha\e guen rise to implantation 
adenomas of the same tvpe as the epithelium lining the cjst Implantation 
adenomas of this type were present in this case where the contents from such 
a cjst would be likely to fall The cist C is onl^ partlj lined b} epithelium 
which IS low to columnar and only a few ciliated cells were found I bclieie 
that the larger hematomas or hemorrhagic cists shown in this paper arose iron 
similar glands and tubules situated deeper in the oiar^ 
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tions on the sigmoid and rectum, an ovarian hematoma, with evidence 
of a previous perforation, was situated m the left ovary in six, while 
m the four instances of implantation on the appendix', a similar 
hematoma was situated m the right ovary m all four This suggests 
that while the intestinal implantations from either ovary may be 
general m their pelvic distribution, the portion of the intestinal tract 
normally situated near that ovary is more likely to be involved 

The character of the intestinal lesions varies greatly, and they 
may be grouped as follou'S 

1 Surface and superficial implantations 

(fl) Subperitoneal glands and tubules of endometrial type with 
evidence of hemorrhage into the tissues about them or in the himen 
of the glands or tubules The surface of the intestine involved is 
thickened and the brown pigmented dots (1 to 2 mm in diameter) 
and larger elevated areas due to the hemorrhage (menstrual) can be 
easily detected at operation 

(&) Endometrial tissue on the surface of the intestine including 
polyps, which often appear homorrhagic 

(r) Subperitoneal hematomas, a later stage of Group a 
(d) Encysted menstrual blood which had escaped from an under- 
lying endometrial implantation 

2 Implantations developing between adherent folds of peritoneum 
and other adherent structures (pocketed implantations), best seen 
m the culdesac between the posterior wall of the uterus and the 
rectum, which are often fused together The surface of the adherent 
parts, which are exposed after separating them, often have a charac- 
teristic “pitted” appearance due to the exposure of endometrial tissue 
in the pockets between the adhesions or in the deeper tissues of the 
organ involved 

3 The deep invasion of the underlying structure or organ The 
tubules wonn their way into the tissues of the intestine, and this is 
often associated with a marked hypertrophy of the surrounding con- 
nective tissue and muscle Many varieties of endometrial tissue and 
its derivatives may be found, including glands and tubules with and 
without a characteristic endometrial stroma, dilated tubules, miniature 
uterine cavities, hematomas and the invasion of lymph vessels by 


endometrial polyps 


As m implantation carcinoma these implantations may occur on any 
part of the intestine , its peritoneal surface, its mesentery and espe- 
cially the epiploic appendages of the sigmoid The latter may serve 


as a portal of entry to the deeper tissues of the wall of the intestine 
The intestinal lesions are often only of histologic interest and do 
not give rise to any symptoms In other cases the lumen of the 
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intestine is encroached upon by indentations, by hypertrophy of its 
walls, and by hematomas , the latter may become larger during men- 
struation so that symptoms of obstruction may only occur or be more 
marked at that time 

The implantations in the culdesac, including the involvement of the 
rectum, can often be palpated prior to operation In typical cases the 
diagnosis can usually be made before operation The age of the 
patient (usually between 30 and the menopause), the acquired dys- 
menorrhea or recent increase in menstrual pain, the disturbance of 
intestinal function during menstruation, the detection of a small 
adherent ovarian cyst or adherent ovary and the palpatory findings in 
the culdesac present a syndrome rarely furnished by any other condition 

The operative treatment of intestinal adenoma of endometrial 
type IS at present an unsettled problem My own reaction, at present, 
on finding what appears to be an intestinal lesion is to examine care- 
fully the surface of the intestine for dots and areas due to hemorrhage, 
to look for other implantations in the pelvis and most important of all 
to examine carefully the ovaries for any signs of a hematoma with 
evidence of a previous perforation, bearing in mind that it may be 
very small and is most frequently situated on the lateral or the under 
surface of the ovary If the evidence found indicates an adenoma of 
endometrial type I do not disturb the intestinal lesion, except as it may 
be easily removed for histologic study, but deal with the pelvic organs 
as their condition requires Conservative ovarian surgery in these 
cases leaves behind a possible source of more implantations, and appar- 
ently retained ovarian tissue may sometimes stimulate the growth of 
the implantations which have not been removed 

I believe that an important, and probably the principal, source of 
these implantations is the epithelium escaping from an ovarian hema- 
toma of endometrial type which has perforated The majorit}' of the 
implantations in the twelve cases reported in this series apparently arose 
from such a source There is the possibility that some of them may 
have arisen from tubal and uterine epithelium escaping through the 
fimbriated end of the tube, independent of an ovarian hematoma with 
perforation 

Ovarian hematomas of endometrial type arise from glands and 
tubules of this type in the ovary which react to menstruation If they 
are situated on, or near, the surface of the ovar}% perforation occurs 
while they are small and repeated hemorrhage and perforation may 
carry away all of the epithelium so that they may disappear , or if it is 
not all removed the ovarian lesion may be so small and inconspicuous 
that it may be easily o^ erlooked at the operation and also in the labo^a- 
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toiy study of the ovary If the endometrial gland or tubule is situated 
in the deeper tissues of the ovary, then the hematomas reach a larger 
size before pei foration takes place 

How does this epithelium of endometrial type reach the ovary? Is 
It of developmental origin from the inclusion of epithelium of the 
mullerian or the wolffian ducts or is it acquired during adult life? 
The evidence which I have, at present, suggests that it is usually 
(possibly always) acquiicd fiom the implantation on the surface of 
the ovary of tubal or uteime epithelium escaping through the fimbriated 
end of the tube and possibly from tubal fimbriae in contact with the 
o\aiy This epithelium may subsequently invade the tissues of the 
ovary and later develop into menstruating cysts giving rise to hema- 
tomas of endometrial type, the perforation of which permits some 
of the epithelium, cast oft by the menstrual hemorrhage, to escape 
into the peritoneal cavity and there develop into implantation adenomas 
of endometrial t3q)e I coiisidei the ovar}’' as an intermediary host, 
hotbed or incubator, which ma}'- impart increased vigor and virulence to 
this epithelium, so that when it escapes from the ovary it may be 
moie virulent (malignant) and invasive than before tbe hematoma 
developed and the perforation occurred It may not be an essential 
intermediary host, for it is possible that pelvic implantations may arise 
from tubal and uteiine epithelium escaping from the tube, and also 
implantations from both sources may be present in the same case The 
few cases which I have interpreted as possibly arising from epithelium 
escaping from the tubes have lacked the vigor, invasiveness and wide- 
ness of distribution of the implantations usually found in those 
associated with an ovarian hematoma with evidence of perforation 
and also usually present a slightly different histologic picture from the 
latter This is a problem for further study The larger the hematoma 
and the gi eater the perforation the wider the distribution of the 
implantations and apparently the greater their virulence 

Intestinal adenoma of endometrial type is a common condition 
occurring in more than one half of the cases with ectopic endometrial 
adenomas and the latter may be found in from 10 to 20 per cent of 
women between 30 years of age and tbe menopause who require an 
abdominal operation for some disease of the pelvic organs On account 
of Its frequency, pathologic interest and clinical importance, it deserves 
a greater recognition than has been accorded it in the past 



THE AUTOTRANSPLANTATION OF ENDOMETRIAL 
TISSUE IN THE RABBIT* 

VICTOR C JACOBSON, MD 
Professor of Pathology, Albany Medical College 
ALBAN\, N \ 

It has been observed by Sampson ^ that m women between the age 
of 30 and the menopause a frequent pathologic condition is found which 
consists in part of the presence of “chocolate” cysts of the ovary 
These cysts are lined with ciliated epithelium, are surrounded by stroma 
like that of the endometrium, and take part in the menstrual cycle in 
much the same manner as does the uterine mucosa When a cyst is 
close to the surface of the ovary, it may, and frequently does, rupture 
during menstruation^ scattering, in the pelvic cavity, epithelial cells of 
the type lining the cyst and also menstrual blood The menstrual blood 
possibly contains a substance which is capable of so altering the peri- 
toneum that the epithelial cells from the cyst may become implanted 
where the peritoneum is injured, and develop, producing adenoma-like 
growths, or these cells may invade, from the outside, such structures 
as the oviduct, uterus, appendix and intestine, and cause a proliferative 
smooth muscle reaction, thus simulating very closely the so-called 
adenomyoma This observation is of extreme interest, and, if correct, 
should. It seems, be susceptible of experimental demonstration, at least 
in some of its phases With the purpose of investigating the matter 
from this standpoint, five rabbits were subjected to the following 
operative procedures The animals were adult females, Belgian hares 
and Angoras, age unknown, but probably from 8 to 12 months old 
All operations were performed under ether anesthesia and with aseptic 
precautions 

REPORT or EXPERIMENTS 

Expfrimfnt 1 — Four cm of the right cornu was removed from Rabbit 1, 
about 5 cm from the fimbriated end The cut ends of the cornu were 

tied with silk as were the vessels of the broad ligament of the part 

removed The excised portion w'as opened longitudinallj' and the mucosa 
thoroughly scraped with a knife The scrapings were gently rubbed into pre- 
viously scarified areas of the peritoneum of loops of the small intestine l>ing 
in the pelvis Then this piece of the cornu was cut into \erj fine pieces, most 

of them less than 1 mm m size, and about a dozen of these pieces were dis- 

* From the department of pathology, Albanj Medical College, and the 
pathologic laboratory of A.lban\ Hospital 

* Read before the American 'Association of Pathologists and Bacteriologists, 
Washington, D C , Maj 3, 1922 

I Sampson, J A Perforating Hemorrhagic (Oiocolate) Cjsts of the 
0\an Arch Surg 3 245 (Sept) 1921 
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tnbuted in the pehis, about the uterus and among the loops of intestine 
Some blood (a few cubic centimeters) was allowed to escape into the pelvis 
The abdominal wound was closed with through-and-through silk sutures and 
the animal was allowed to recover It was kept alone in a cage for nine weeks 
and then was killed with ether Necropsj' showed (1) hjdrosalpinx of the 
remaining distal 3 cm of the right tube, (2) a multilocular C 3 'st containing 
clear, thin, colorless fluid in the fat ovcrljmg the dilated tube at one point 
(Fig 1) This cj’st was 2 2 cm m diameter and had several chambers lined 
with a smooth glistening membrane (3) A multilocular cjst, 2 cm m diameter, 
in the fat, closer to the fundus uteri (Fig 2) , (4) a cyst, 2 mm m diameter, 
attached to the serosa of the left tube (Fig 3) 

Histologic Exammation — An implanted piece of tissue in the mesentery of 
the right tube resulted m the formation of a multilocular evst, 2 2 cm in 



Fig 1 (Rabbit 1) — Right cornu opened, showing hydrosalpinx and, in the 
fat of the mesosalpinx, a multilocular cyst in which can be seen a polypoid 
ingrowth 

diameter It was lined by low to high columnar ciliated epithelium Polypoid 
ingrowths had occurred (Fig 5) , a few were fairly large, with a stroma of 
loosely arranged spindle cells and numerous thin walled blood vessels The 
epithelium covering the polypi was hyperplastic, sending tortuous processes down 
into the substance of the polyp Mitotic figures were present in the 
epithelial cells in moderate numbers (Fig 6) The cyst was partially sur- 
rounded by thin layers of smooth muscle, which were abruptly broken at 
several points Between the epithelial lining and its supporting stroma was 
a layer of collagen fibers and fibroblasts which formed a sort of submucosa 
The muscle bundles passed m many directions and ended in the surroun mg 
adipose tissue Mitotic figures were present m some of the muscle fibers a 
cells had apparently grown in between fibers of traumatized muscle fasciM i 
Fibroplasia in the adjacent fat was marked and clasmatocytes and eosinop 




JACOBSON— ENDOMETRIAL TISSUE 


283 


were found in small numbers between the fat cells No nerves were seen m 
the cyst wall The peritoneum had covered the defect produced at operation 
and no evidence of downgrowth to the cyst was observed 

In Figure 2 the superficial nubbin on the fat is almost a reproduction of a 
tube, there being in addition to the epithelial lining a surrounding layer of 
regenerating smooth muscle which, however, is not laid down in so orderly 
a manner as m the normal tube 

The large cyst which was continuous with the growth just described was 
lined by ciliated, low to high columnar epithelium Some of the cells were 
not ciliated but these were of low and apparently immature type There were 
polypoid ingrowths, with numerous dilated gland spaces along their bases The 
stroma of the “mucosa” was of endometrial character The glands had no 
basement membrane Mitotic figures were found in both epithelium and smooth 



Fig 2 (Rabbit 1) — ■Another multilocular cjst in the mesosalpinx, apparenth 
arising by downgrowth of epithelium from the superficial nubbin in a 

muscle There was a marked proliferation of fibroblasts and infiltration bj 
wandering cells in the fat surrounding the cyst 

The cyst in the fat o\er the left cornu (Fig 3) was lined with low columnar 
epithelial cells, some of which were ciliated Verj little stroma separated it 
from the subjacent, dense fibrous tissue in which were a few smooth muscle 
fibers (Fig 4) The c\st was separated from the cornu proper b\ a wide 
interval of fat which showed much maasion b\ fibroblasts about the c\st 
The peritoneum o\erljing the cornu and c\st was not in\ol\ed in the formation 
of the cjst 

Experimsxt 2 — The mucosa of a portion of the right cornu ^ as rcmo\ed 
from Rabbit 2 of the same size and from the same situation as in Rabbit 1 
It was dissected off carefulh and cut into pieces a millimeter in sue or less 
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One piece was inserted into the right ovary in each of two places on the 
anterior surface, through stab wounds One piece was slipped under the ger- 
minal epithelium Mesentery was w'rapped about the ovary and secured with 
two hnen sutures Eight w-eeks later, under ether anesthesia, the abdominal cavity 
was examined At the site of the right ovary was found a bluish-red mass, 
about the normal sire of the ovary The fat and tissue about it were firmly 
adherent and indurated The wound was closed and m a few' days it was 
healed The animal was put with a male rabbit m order to study the effect 
of heat on any cyst which might dc\clop Eight days later, the animal died 
from se\crc coccidiosis No pregnancy had developed The left ovary and 
cornu were normal There w-as right hvdrosalpinx, and at the site of the 
right o\ary' a mass, 1 5 cm in diameter, parts of which were yellow and 
opaque, but as a whole it was cystic, with fibrous adhesions firmly matted 
around it 

Histologic Exaiiiiiiahoii — Occupy'ing the greater part of the substance of the 
ovary were two cystic cavities, the larger 1 cm m diameter, the smaller about 
0 5 cm (Fig S) The larger cyst was surrounded by o%arian tissue, except 
on Its posterior surface, w'here the peritoneum and subserous fibrous layer 
alone covered it Serial sections demonstrated that the cyst approached close 
to the upper peritoneal surface It was lined with cuboidal to columnar epi- 
thelium which in manv places was ciliated, and here and there throw'n into 



Fig 3 (Rabbit 1) — Gross appearance of the cyst in the fat overlying the 
left cornu 


very low rugae No mitotic figures were seen Epithelial buds m the form of 
small tubules were plentiful beneath the lining membrane At one point, a 
small polyp projected into the cavity The polyp was covered with high 
columnar epithelium, each cell being densely ciliated Small masses of erythro- 
cytes and a few hemosiderm-laden phagocytes were present m the lumen 
The stroma of the polyp was edematous fibrous tissue, with numerous fine 
capillary vessels 

The stroma of the subepithehal layer of the cyst was composed of rather 
closely packed collagen fibers and flattened spindle cells, and surrounding this 
layer was a thicker layer of smooth muscle fibers and collagen 

The smaller cyst on one side lay apposed to ovarian tissue , but its growt 
had apparently been m great part subperitoneal It was quite similar to the 
larger cyst, with the exception that not so many of its lining cells were ciliate 

The ovarian tissue contained a multitude of primordial follicles of many 
sizes, and corpora lutea were also very numerous Several narrow spaces just 
beneath the peritoneum and also deeper in the ovary were lined with non 
ciliated cuboidal cells which were undoubtedly peritoneal m origin In severa 
places, m the vicinity of the two large cysts, were large numbers of mono 
nuclear phagocytes filled with hemosiderin 
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These two cysts were in all probability derived from the transplanted endo- 
metrial tissue, as they were like the cysts found by similar transplantation into 
the fat of the mesosalpinx, being lined with ciliated epithelium which had formed 
irregular folds and polypoid ingrowths and with stroma composed of fibrous 
tissue and smooth muscle 

Experiment 3 — The mucosa was dissected from 2 cm of the excised 
portion of the left cornu from Rabbit 3, and cut up into millimeter-sized 
pieces With the point of an eye knife, three stab wounds were made in 
the anterior serosal surface of the fundus uteri, and with fine forceps, two 



Fig 4 — Low power photomicrograph of a transierse section through the 
cyst and cornu shown in Figure 3 

pieces of cornual mucosa were inserted beneath the serosa There was slight 
bleeding from these wounds The left mesosalpinx was brought o\er the 
wounded surface and held in place bj a linen stitch on the right side of the 
uterus Nine weeks later the animal was killed with ether On the anterior 
surface of the uterus were found two glistening c\sts, 0 5 and 1 cm in dia- 
meter, respectneh These cjsts appeared to be somewhat adherent to the wall 
of the fundus There were focal indurated areas in the fat of the mcco- 
salpmges On section these areas were found to contain c\sts (Fig 




286 


ARCHJJ'ES OP SURGERY 


Htslologic Examiuatjoii —Fundus Uteri Wlicre the wall had been trauma- 
tized by the knife, fibrous tissue had grown into the defect, with subsequent 
puckering produced by the scar No epithelial growth was found in serial 
sections proceeding outward from the mucosa or inward from the serosa The 
pieces of tissue which had been planted beneath the serosa had apparently 
become loosened from their positions and had wandered out in the pelvic 
cavity where they became attached at the following points Two cysts lay 
closely apposed in the fat overlying the fundus Their walls were very thin, 
that of the larger being about 0 5 mm and of the smaller about 09 mm in 
the fixed specimen Where the cysts were in contact with each other, their 
walls increased in thickness to about 12 mm In the larger cyst was an 



Fig 5 — Photomicrograph of a section through b in Figure 2, showing 
polypoid growths into the lumen of the cyst Much smooth muscle is present 
in the wall of the cyst 


albuminous precipitate and a small amount of recent hemorrhage with a 
moderate number of polymorphonuclear neutrophils and mononuclear phago- 
cytes The cyst was lined with a single layer of epithelial cells, whic 
m the thinnest parts were flattened , but where the wall was thicker, they were 
low to high cuboidal Many of these cells had rounded knobs which mig 
have been a precursory stage of cilia Rarely a cell was found with we 
developed ciha There were numerous shallow glandlike downgrowt s o 
eoithehum, and the stroma about these was composed of fairly large spin e 
cells, with’large vesicular nuclei Beneath this layer, which was 
arranged bundles of smooth muscle fibers m a circular manner, and 
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the circular layer these fibers were found lying m many different planes The 
wall of this cyst was well supplied with thin walled blood vessels The sur- 
rounding fat showed very little fibroplastic reaction 

The smaller cyst differed from the larger in being lined with epithelial 
cells of a higher type, and in one quadrant a polypoid growth extended into 
the lumen This growth was 1 mm m size and was covered with low columnar 
epithelial cells which had a knobbed free surface The nuclei lay in the basal 
portion, many were hyperchromatic, a few, in mitosis The stroma was com- 
posed of fibroblasts and newly formed blood vessels and a few polymorphonuclear 
neutrophils and eosinophils were present A few tubular ingrowths pro- 



Fig 6 — High power photomicrograph of part of the lining of the infoldmgs 
in Figure 5 Numerous ciliated cells are shown and the arrow points to an 
epithelial cell m mitosis 

ceeded from the surface into the center of the poKp The stroma of the 
lining membrane was similar to that of the larger cjst, and surrounding it 
were bundles of smooth muscle Ijing in manj' planes as in the former 

In the fat of the mesosalpinx was a multilocular cjst (Fig 9 fr), about 
3 cm from the fundus, and of practicalh the same structure as those just 
described, although the larger caMties had a single la'ier of flattened epithelium 
for lining, with no CMdence of cilia The wall consisted of fibrous tissue 
bundles intertw med w ith smooth muscle fibers It contained a clear fluid, but 
no blood This cjst was embedded in the fat of the mesosalpinx, but there 
was verv little reaction in the surrounding fat, onl> a narrow zone of fibroplasia 
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Lying in the right mesosalpinv nt another point, was a multilocular 
cyst, nearly 3 cm m diameter (Fig A a) It contained about six chambers, 
all but two of which communicated Avith one anotiier The wall varied in 
thickness from a fraction of a milliniLter to 3 mm Papillary ingrowths had 
occurred and these consisted of a stalklof delicate fibrovascnlar stroma covered 
with cuboidal to columnar epithelium i^l single or double layers Small groups 



Figure 7 — Another portion of the wall of the cyst in Figure 5, showing 
the columnar epithelium, many cells ciliated, and many having on their free 
surfaces knobs which may be precursors of cilia 

of epithelial cells had invaded the stroma in several places The subepithehal 
layer elsewhere consisted of closely packed short spindle cells, somew a 
similar to those of the endometrium A layer of smooth muscle, a ou si 
cells in thickness, surrounded this cystic growth and this in turn was si 
rounded by a band of collagen fibers 
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Exp&iitENT 4 — At operation on Rabbit 4, midterm pregnancy was found, 
with four fetusea in_Ae left cornu and two in the right cornu The dilated 
portion of the right cornu containing the distal fetus was extirpated, and the 
pieces a and b (Fig 10) were removed, about 1 5 cm each, from which the 
mucosa was dissected free Very fine pieces of mucosa were inserted into 
the right mesosalpinx in two pockets, about 1 cm deep The animal was then 



Fig 8 — Low power photomicrograph of the right o\arj of Rabbit 2, showing 
two cysts, a and b, which resulted from the endometrial tissue implanted in 
the ovarv 


put in a cage containing a male rabbit Seven weeks later an exploratorj opera- 
tion w'as performed No mature fetuses were found, the animal haMng delnered 
and probablj eaten them, seNcrnl weeks before Both cornua were, howe\er, 
congested, an earh pregnanc\ undoubtedh existing in the left but none in the 
remaining 3 cm of the right The mesenteric fat of the right cornu was 
indurated in an area 1 5 cm in diameter, in the portion nearest the fundu' and 
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a reddish discoloration was visible through the fat m this area The fundus, 
viewed posteriorly, showed adherent to it a slightly reddish firm mass, 3 mm’ 
in sire but of irregular outline The animal was again allowed to recover 
Ten days later it was killed 

Necropsy disclosed two well developed fetuses m the left cornu, but none 
in the right There was no visible evidence of infection The anterior uterine 
wall was adherent to the abdominal wall along the line of the scar There 
was a strawberry-like protusion of the mucosa of the stump of the right cornu 
Cysts, about 2 mm in sire, each filled with clear fluid, \\ere found in the fat 



Fig 9 — Photograph of gross specimen, slightly retouched, of two cysts in 
the mesosalpinx of Rabbit 3 The cyst a is multilocular 


of the right mesosalpinx in three different places These cysts appeared to 
be multilocular and lined with a glistening membrane A firm mass, about a 
centimeter m size, was found quite adherent to the right posterior surface 
of the fundus below the entrance of the cornu 

Histologic Examination — The cyst A in Figure 9 was embedded in t e a 
of the right mesosalpinx, about OS cm from the cornu, and had no connectio^ 
with the cornu It was composed of many chambers, four of macroscop^^ 
dimensions, and a great number of microscopic cavities The smal er cy 
were formed by the anastomosing of very narrow fibrous septums w ic w 
covered by a single layer of much flattened epithelium The larger 
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in places had a stratified lining of epithelial cells of from four to six layers, some 
being ciliated, although lov' cuboidal in type The stroma consisted of a 
collagenous reticulum with small bundles of smooth muscle fibers here and 
there, frequently lying near a cyst and following the cjst’s contour Many 
thin walled blood and lymph -vessels were present In many places, the stroma 
had been invaded by small groups of epithelial cells, and about them fibro- 
blasts had taken on increased activity and a slight lymphocytic reaction had 
occurred These smaller masses of epithelium usually showed a lumen and 
their own arrangement at times suggested a syncytium (Fig 12) Surround- 
ing the entire growth was an irregular border of fibrous tissue which penetrated 
between the adjoining fat cells in delicate branches 

Another cyst found in the right mesosalpinx was also multilocular, and its 
structure was essentially the same as the growth just described, except that 
there had been less invasion of -the stroma by the epithelial tissue 

The formations in Figures 11 and 13 differed markedly from those m the 
other two growths (Fig 14) The former are, to all intents and purposes, 
multilocular cysts lined by flattened epithelium, some of which is ciliated One 
of the latter may be considered a multilocular cyst, but with an epithelium of 
a higher type and much more deeply staining Each of the cells had a very 



Fig 10 — Diagram showing the source of the tissue used m transplantation 
in Rabbit 4 Endometrium from pieces a and b were used 

large nucleus which occupied fully two thirds of the cell A great many of the 
cells were ciliated They tended to form acini and rounded cjstic cavities, which 
as a whole were much smaller than those shown in Figures 11 and 13 No true 
basement membrane was present Many epithelial cells were found Ijing in the 
stroma, which between the smaller cysts appeared very cellular as a whole, but the 
infiltration with epithelial elements frequentlj overshadowed the true stromal 
architecture Scattered throughout the stroma were small groups of nonstriated 
muscle fibers 

In Figure 14 is seen the most rapidlj growing, from a histologic point ot 
view% of all the growths encountered m this investigation It was located m a 
mass of fat m the right mesosalpinx, which was firmly adherent to the right 
posterior surface of the fundus uteri While the term “adenoma” has purposelj 
been avoided in the anatomic descriptions thus far, I cannot help remarking 
that the term “papillary cj'St-adenoma” convejs better than any other one expres- 
sion the essential features of this growth There were numerous cvstic cavities 
into which projected papillary processes of many sizes and shapes, from verv 
simple to complex arborizations These processes were covered with cuboidal 
to columnar epithelium, frequently stratified The cells were deeph staining 
with a large round to oval nucleus, which occupied most of the cell and as 
sometimes in mitosis Ciliated cells were verv numerou*; both on tin cclE 
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lining the smaller acini and on those lining the largest spaces The stroma 
was verj cellular in the more rapidly growing parts, hut elsewhere it contained 
much collagen and endothelial lined spaces A few lymphoid cells were found 
scattered here and there in the more cellular areas 

Many epithelial buds and dilated acini were present in the tissue underlying 
the lining membrane, apparcntlj arising from the latter Smaller cystic out- 
growths had proceeded toward the fundus uteri, wdiich, wdiile not actually 
experiencing invasion of its muscle wall, ne^crthelcss was greatly distorted by 
a papillary cystic growth where it was attached to the mesosalpinx Serial 
sections were made of the whole of this growth Smooth muscle was present 
in small amount in the stroma The reaction about the entire mass was quite 



Fig 11 — Low pow'er photomicrograph of a miiltilocular cyst m the right 
mesosalpinx of Rabbit 4 


similar to that which had occurred about the growths in the animals previously 

mentioned t, v, rt 

The epithelial reaction in Figure 14 was very similar to that whic a 
occurred m the cornu which contained the fetuses, but it was distinctly di eren 
from that in Figures 11 and 13, as the photomicrographs show 

Experiment 5 — At operation on Rabbit 5, pregnancy was found, t ere 
being five fetuses of about midterm in each cornu A linear mci 
Sion was made in the anterior wall of the left cornu, over the fetus yi^ 
proximal to the fundus uteri The membranes bulged into the de ect, 
there was little bleeding Nothing further was done and the amnia w 
allowed to recover Twenty-four days later, the animal was kille wit 
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At necropsy no gross evidence was found of the incision in the left cornu 
It had apparently healed completely without a scar Three indurated areas 
were found in the fat of the mesosalpinx of each side The} \\ere all 
in a triangular area, about 3 cm wide, whose base was the upper surface of 
the left cornu Two of these indurations were 3 mm in size, the other, 1 mm 
The ovaries contained manv distended follicles and corpora lutea 

Histologic Examination — In the mesosalpinx of the left cornu nas a c}st, 
about 8 mm in diameter It was lined with flattened or cuboidal epithelial 



Fig 12 — Epithelial proliferation in the stroma of the c\st in I igiire 11, 
showing a tendency to form s^ncItlal-hke masses about dilated spaces 


cells, man\ of which were dcnscK ciliated The nuclei were round or o\al, 
with their long axes parallel with the circumference oi the c\st In the lumen 
was a fine granular precipitate Beneath the epithelial la\er was a compact 
la\er of collagen, fibroblasts and a few smooth muscle fibers The c\st was 
in contact with the peritoneum o\ct about one fourth oi its circumierence In 
the surrounding fat immediateh adjacent to the c\st there was slight fibro- 
plastic actiMtc and a few small groups of smooth muscle fibers lav isolated 
In another place in the fat was an epithelial lined c\st about 2 mm in 
diameter The c\st communicated with a smaller c\ 't which wa^ probabK f ' 
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result of an outgrowth from the larger In the lumen of both were a few 
degenerating eruthehal cells and mononuclear phagocytes containing p 3 knotic 
material and fat droplets An occasional cell lining the larger cyst was provided 
with cilia The lining was composed of epithelium ^vhich in places consisted of 
several cells in strata T he\ were cuboidal to low columnar but of much 
irrcgularit; in outline I\o mitotic figures were seen About the epithelial 



showing epithelial proliferation in the stroma and the characteristic reaction 
in the surrounding fat about an endometrial autotransplant 

layer was a condensation of collagen, fibroblasts and a moderate number of 
nonstnated muscle fibers In the adjacent fat was much hemorrhage, fibroplasia, 
infiltration by eosinophils and mononuclear phagocytes Many newly forme 
capillaries were present This cystic growth was apparently very young an 
the reaction about it was more intense than in the usual autotransplant 
The cornua showed the same picture as m Rabbits 1, 2 and 3 
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COMMENT 

In attempting to plant tissue in the peritoneal cavity of a rabbit, 
certain difficulties are encountered Peristalsis of the intestines and 
uterine cornua dislodge transplants unless they are firmly placed The 
endometrial tissue will grow where it stays “put,” and if it is cast from 
its anchorage repeatedly, it probably dies and is disposed of as a foreign 
body Injury to the peritoneum probably assists in the localization of 
the transplants, and this is in accord with Sampson’s theory of a possible 
faculty of menstrual blood to prepare the peritoneum for the growth 
of cells escaping from a perforating hemorrhagic cyst of the ovary In 



Fig 14 — Low pow’er photomicrograph of the very rapidh growing ‘paplll^r^ 
cyst adenoma” in Rabbit 4 Serial sections show much pressure atrophj of the 
fundus uteri where the growth encroaches on it 


the rabbit, advantage was taken of the large amount of adipose tissue 
in the mesosalpinges, and endometrial tissue was embedded deep in it 
This method resulted m a large percentage of “takes ” The other 
transplants, after roaming about in the pelvis, settled down and grew 
in the vesico-utenne space, in the culdesac and on the free serosal 
surface of the cornua 

In this senes of experiments, performed on five consecutne female 
rabbits, certain facts ivere demonstrated fl) Endometrium alone 
from a nonpregnant animal will grow when transplanted into the fat 
of the merosalpinx or on the pehic peritoneum of the came animal and 
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IS found actively growing from fifty-six to seventy days after trans- 
plantation (Rabbits 1 and 3) (2) Endometrium from a nonpregnant 

rabbit will grow when transplanted into an ovary of the same animal, 
and IS found growing sixty-four days after transplantation (Rabbit 2) 
(3) Endometrium from a pregnant rabbit after transplantation into 
pelvic fat or onto pelvic peritoneum will grow and show more active 
proliferative changes than endometrium from nonpregnant rabbits 
(Rabbit 4) (4) An incision through a cornual segment containing a 

fetus may result in dissemination of endometrial cells in the surround- 
ing tissues, implantation “adenomas” thus arising (Rabbit 5) 

In all of the rabbits, the general type of growth produced, whether 
in the nonpregnant or in the pregnant animal, was a cyst, usually 
multilocular The fluid contents of the C 3 fst were not examined chemi- 
cally Since the transplanted tissue acts for a time as a foreign body, 
the fibrous tissue formation about it, along with smooth muscle fibers, 
constitutes the capsule into which the epithelial sprouts may grow The 
cysts were lined with epithelium which was either actually or potentially 
ciliated The stroma may simulate closely that of the cornu of the 
uterus from which the transplant was made In Rabbit 1 smooth muscle 
was abundant about some epithelial growths and much less in amount 
about others It seems likely that the former growths arose from trans- 
planted bits of the entire wall of the cornu, the latter from transplanted 
endometrium The smooth muscle reaction about endometrial tissue 
seems foreordained, and some interesting questions arise concerning this 
feature Of course, in the transplants of the entire wall, plenty of 
smooth muscle is included to form a source of future muscle production 
In the dissected mucosa, it is practically impossible to leave behind all 
smooth muscle, as blood vessels are torn in disengaging the mucosa, 
and the smooth muscle in their walls may be a source of muscle 
formation 

Just what interpretation can be made of the smooth muscle response 
about the transplants in these rabbits^ The whole question of 
“adenomyoma” seems to hinge on this special influence of endometrial 
tissue over smooth muscle in its vicinitj Cuthbert Lock}er, in his 
“Fibroids and Allied Tumors” page 375, makes the following state- 
ment on this subject 

The basis of an adenonij oma is the epithelnl heterotop\ or in\asion The 
iTi\ omatous constituent is there because the epithelial infiltration has taken place 
in the structure containing muscle Muscular tissue is not essential to the 
process Epithelium will infiltrate anj soft tissue during the process of repair 
Under certain conditions this "process of repair” runs not and a branching 
glandular growth is produced, it muscle is m the matrix in which thi= tales 
place the result is an adenom\oma If the iniaded tissue be soleK ib'^ous tne 
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resultant js a fibro-acicnoma, but the underlying genetic factor is one and the 
same m each case, i e, epithelial repair (following an inflammatory injury) 
carried to an excess which becomes pathological 

The amount and type of tissue reaction about the transplants other- 
wise IS that usually obtained in autotransplants of the uterus of the 
guinea-pig into the ear and into the abdominal wall, also in autotrans- 
plants of other organs * 

The most striking characteristic of the multilocular cysts formed in 
Rabbits 1, 3 and 5 is the similarity in the proportions of the various 
tissue constituents to the multilocular cyst-adenoma of women The 
chief difference is in sire It is well known that ovarian cysts m women 
are ver\ slowly grow ing What would have been the ultimate size of 
the cysts m these rabbits can only be surmised , but there are no indica- 
tions that the} had reached their maximal development 

Pregnancy appears to exert a profound influence over the auto- 
transplants if Rabbit 4 may be used as an illustration The tissue 
transplanted was taken not from the wall surrounding a fetus but from 
that narrow zone of the cornu on both sides of a fetus The epithelium 
there was deeply staining, the nuclei hypertrophied and hyperchromatic, 
the cells proliferating and sending numerous buds into the submucosa 
In this rabbit, two multilocular cysts, much like those of Rabbits 1, 3 
and 5, resulted from the transplants, one of them being nearly 2 cm 
in size However, a third cyst, while multilocular, was lined with 
epithelium of the type of the uterine cornu The stroma also resembled 
the endometrial stroma The cysts were small and more numerous, 
many were more like dilated acini The cyst in Figure 13 appears to 
be of a very rapidly growing and invasive type, one which might be 
called a papillary cyst-adenoma, with some of the characters of malig- 
nancy m its epithelial elements, i e , nuclear and cytoplasmic hyper- 
chromatism, mitosis, invasion of stroma, a tendency toward invasion of 
structures to which it is adherent (fundus uteri) 

That termination of the pregnancy would have resulted m the 
assuming of a quiescent state by the new growth (transplant) cannot 
be denied or affirmed at present The work of Loeb® on deciduoma 
in guinea-pigs suggests such an influence Studies are being made to 
determine this point It does not seem an unreasonable hypothesis that 
without the influence of pregnancy simple multilocular cysts are usually 

2 Hesselberg, Cora, Kerwm, William, and Loeb, Leo Auto and 
transplantation of the Uterus in the Guinea-Pig, J Med Research 38 11 ( arc 

3 Loeb, Leo The Production of Deciduomata, J A M A 50 1897 (June 6) 
1908 
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formed and that repeated pregnancies m an organism harboring ectopic 
growths of endometrial origin might cause a summation of growth 
stimuli with ultimately a malignant metamorphosis 

In Rabbit 2 the transplantation into the right ovary of endometrial 
tissue resulted in the formation of two macroscopic cysts lined with 
ciliated epithelium About these cysts was a condensation of collagen 
fibroblasts and smooth muscle fibers A small amount of recent hemor- 
rhage had occurred into the lumen and there was some phagocytosis of 
hemosiderin In the ovarian stroma were several large deposits of 
hemosiderin It is possible, although doubtful, that this is an indication 
of menstrual reaction The rabbit, however, is not the proper animal 
for the study of the effect of menstruation on these cysts The monkey 
offers more favorable circumstances for observations involving this 
phenomenon 

Polypoid ingrowths of the lining epithelium were present in each 
cyst With the exception of the difference m size, these cysts have 
much the same structure as the larger “ovarian” cystadenoma of 
women A sudden hemorrhage into one of these cysts might cause its 
rupture, with the liberation of epithelial cells and blood into the pelvic 
cavity, and it would be surprising, indeed, m the light of Sampson’s 
clinical and pathologic observations on patients with perforating hemor- 
rhagic cysts of the ovary, if implantations did not result 

CONCLUSIONS 

It has been demonstrated in this series of experiments that endome- 
trial tissue transplanted into the ovary and pelvic fat of the same animal 
will grow for as long as seventy days and probably much longer 
Adenoma-like growths and multilocular cysts, which, histologicalh, 
show much similarity to “ovarian” cyst-adenomas of vomen, are pro- 
duced Under the influence of pregnane}', a more rapid epithelial 
growth occurs, with the production of a papillary “cyst-adenoma ’ 
which has some of the characteristics of a malignant growth All of 
these observations are in agreement w'lth Sampson’s explanation of 
adenomas of endometrial type w'hicli are found in the o\ar}, in the 
culdesac, adherent to and invading the appendix intestine, rectum, 
oviduct and uterus, and which apparently arise from ectopic epithelium 
discharged into the pelvis through the fimbriated end of the o\iduct, 
this epithelium coming either from the uterus or the OMduct or from 
both ■* 

4 Sampson J \ 0^arIan Hematomas oi Endomctrnl T\pe (Periora'mg 
Hemorrhagic Osts of the Oiaix) and Implantation \dtnomT= of Lndo- 
metrnl T\pe, Boston M &. S T 186 445 ( \pnl 6) 1922 
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It IS difficult to define a tumoi, and if these growths m the rabbit 
cannot be so classified, they might constitute a phase between tumor and 
nontumor If further lesearches confirm the findings in this small 
series of animals, it would seem that Ribbeit’s hypothesis will have 
been given a sort of half demonstration, namely, that simple misplace- 
ment of matin e endometrial epithelial cells is conducive to their 
neoplasmic transformation 

An incision through the entire thickness of the wall of a cornual 
segment containing a fetus is sufficient to cause the escape of mucosal 
epithelium fiom the cornu into the pelvis and from these ectopic 
epithelial cells implantation “adenomas” develop 

There seems a strong likelihood that the origin of pseudomucinous 
cyst-adenomas and papillary cyst-adenomas will be explainable on the 
basis of their arising from ectopic endometrial tissue Also that preg- 
nancy ma}, perhaps, exert an influence on these growths in the direction 
of malignant degeneration 



DIRECT TRANSFUSION OF BLOOD 


REPORT OF CASES * 

J SHELTON HORSLEY, M D , WARREN T VAUGHAN, M D , 

AND 

A I DODSON, MD 

RICHMOND, VA 

The ease with which blood transfusion by the citrate method may 
be carried out has, during the last ten 3'ears, resulted m its use, almost 
to the exclusion of direct methods It has popularized transfusion in 
\arious diseases, and has, without doubt, m the aggregate been most 
beneficial More patients requiring transfusion ha\e been transfused 
than before the development of the indirect method, and there can be no 
question that a large number of lives have been saved b}" its employ- 
ment The general statistical results are good It is in a consideration 
of the results in individual cases that certain dangers in citrate trans- 
fusion become apparent 

REACTIONS FOLLOWING CITRATE TRANSFUSION 

Considerable literature has accumulated during the last few months 
concerning the types of reaction following citrate transfusion, and the 
causes therefor P W Clough and M C Clough ^ have given an 
excellent summary of the three types of reaction tlie first, occurring 
m persons apparently of homologous blood groups, and m whom the 
reaction must perforce be due to some alteration of the blood during 
the process of transfusion, the second, or so-called hemolytic reaction 
following the use of incompatible blood, and the third, occurring m 
persons who have received many transfusions and in whom there has 
apparently developed some alteration that renders them sensitized 
against the blood of the donor 

With the two latter types of reaction we are not immediately con- 
cerned The third type may occur either after a direct or indirect trans- 
fusion, and the second can usually be avoided by appropriate methods of 
matching It has been found, however, that much more careful match- 
ing is necessary than has hitherto been employed Both direct matching 
and blood grouping should be done, and examination for agglutinatne 
phenomena should be made, covering a period of many hours instead 
of the one hour generally allowed 

*From the surgical, medical and urologic ser\ices of St Elizabeth’s 
Hospital 

1 Clough, P W , and Clough, M C Southern M J 14 104 (Feb ) 1921 
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Numeiotis explanations for the first type of reaction have been 
oflered After eliminating variations or errors m technic by the use 
of freshly distilled water, chemically pure reagents, aged or specially 
treated i libber tubing, constant temperature, and a minimum time, reac- 
tions of this type still occur, and, as has been stated, appear to be due 
to some alteration in the blood itself, dependent on its treatment 

Drinker and Bnttmgham ■ have demonstrated changes in the blood 
platelets coincident with early' coagulation Many' of them are partially 



Chart 1 — Pulse and blood pressure curves m a case with profuse hemor- 
rhage from the left kidney The patient was in shock before operation, and 
transfusion raised the blood pressure and lowered the pulse During operation, 
more severe shock developed, and a second transfusion was given with satis- 
factory results as regards pulse, blood pressure and general condition The 
shaded areas denote periods of transfusion The second transfusion was dis- 
continued because of reaction in the donor (compare Chart 5) The symbo s 
explained under this chart are used in all the other charts 

2 Drinker, C K , and Bnttwgham, H H Transfusion Reactions, Arch 
Int Med 23 133 (Feb) 1919 
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or totally destroyed m citrate transfusion They have also shown that 
the addition of sodium citrate in the amounts used in transfusion 
increases the fragility of the red blood cells, and the tendency to 
hemolysis 

Unger ^ has shown that the addition of sodium citrate m the pro- 
portion used in transfusion to normal blood renders it anticomple- 
mentary m the Wassermann reaction He concludes, m a brief report 
of his experiments, that m citrate transfusion blood is being given in 


17 MIN 



Chart 2 — Rapid rise in systolic and diastolic blood pressure, with diminu- 
tion of the pulse rate during and following the period of transfusion This is 
the type of curve most frequently encountered 

which complement has been diminished m two ways first, by the 
production of an anticomplementary substance which inactivates some 
of the available complement, and second, by direct partial destruction 
of the normal complement in the serum He believes that he has shown 
that this action of sodium citrate is directed in part at least against 
the red cells themselves, and that it persists even after the hemoglobin 

3 Unger, L J Deleterious Effect of Sodium Citrate Emploved in Blood 
Transfusion, J A M A 77 2107 (Dec 31) 1921 
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has been removed from tliem He has also demonstrated a diminution 
m the phagocytic power of the leukocytes and in the opsonic power of 
serum, after treatment with sodium citrate 

Henderson and Haggard * report that after bleeding a dog to a 
point previously determined, at which the chances for recovery or fatal 
issue are about equal, the injection of even a small amount of sodium 


17 MIX 



Chart 3 —Transfusion administered as a prophylactic measure 
advent of actual shock Good results are evident chiefly in the pulse 


Citrate into the veins will cause almost immediate death This fact is 
surprising when contrasted with the reports of other observers ^ regar ' 
ing the beneficial action of sodium citrate injected intravenous y 
tllment of hemorrhage Further work w.U probably clanfy th.s 

problem 


4 Henderson, Yandell, and Haggard, H W 
Asphyxia, J A M A 78 697 (March 11) 1922 

5 Neuhof, H , and Hirshfeld, S 


Hemorrhage as a Form of 

New York M J «3 95 (Jan 15) 1921- 




HORSLEY-VAUGHAN-DODSON— BLOOD TRANSFUSION 305 


It IS an evident fact, therefore, that citrated blood, as used in trans- 
fusion, IS a changed blood, and that the changes so far studied are of 
a deleterious nature Citrate transfusion at best is but a makeshift 
method There has never been any question, even among the most 
ardent advocates of the indirect method, as to the advantages of direct 
transfusion when practicable, and it is only because of the relative 



Chart 4 — Type of pulse and blood pressure curves most frequently encoun- 
tered in donors The blood pressure remains practically unchanged The 
pulse, which is moderately accelerated because of excitement and apprehension, 
later falls to normal 

RELATIVE VALUE OF WHOLE AND CITRATED BLOOD TRANSFUSIONS 

If the employment of whole unchanged blood could be made as 
simple as the use of citrated blood, there is no doubt that the former 
method would be universally employed As has been emphasized by 
Bernheim ® and others, it is in the localities where there is no expert 
trained in the employment of direct transfusion that the indirect method 

6 Bernheim, B M Whole Blood Transfusion and Citrated Blood Trans- 
fusion, Possible Differentiation of Cases, J A M A 77 275 (Juh 23) 1921 
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has, and -will have, a distinct place and value, but when direct trans- 
fusion can be employed equally efficaciously, we believe that it should 
be the method of choice 

The outstanding advantage of whole blood transfusion over citrate 
transfusion lies m the decidedly lessened incidence of post-transfusion 
reactions of the first type described by Clough and Clough By the 
citrate method the frequency of reactions is variously estimated from 
17 pei cent to 60 per cent — averaging around 32 per cent In whole 
blood transfusions, Bernheiin found reactions to be present in 5 per 



Chart 5 — “Vagus” type of reaction in donor, with early fall of pulse rate 
and blood pressure 

cent , Sloan in 5 per cent , and Lewisohn in 5 per cent A few 
observers have found differing results, such, for instance, as those of 
Ravdin and Glenn,'^ who found about equal incidence of reactions 
following both citrate and whole blood transfusion However, the 
weight of evidence given by the various observers who have had wide 
experience in both methods unquestionably favors the incidence of a 
very low percentage of reactions following direct transfusion, and a 
high percentage following the indirect method 


7 Ravdin, I S , and Glenn, E Am J M Sc 161 705 (May) 1921 
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Disagreements regarding direct transfusion are, to some extent, at 
least, to be accounted for by differences in operative techmc Certain 
methods of so-called direct transfusion, as, for example, by the use 
of multiple syringes, are in a sense indirect methods There are grades 
of directness, and it has been our experience that the more nearly direct 
the method, the less liability is there of reaction occurring 

Our experience during the last eighteen months has been mainly 
with surgical cases, complicated by shock or hemorrhage, or both — 
cases in which the occurrence of a reaction, with chill, fever, nausea. 


1 5 Tai-n. - 



Chart 6 — Late type of reaction in donor, with fall in blood pressure and 
increase in pulse rate 

vomiting, and so fort a might easily be the deciding factor in tlie 
balance between life and death , and we have, therefore, had an excellent 
opportunity to study the advantages and disadvantages of the direct 
method of transfusion We were led to return to tlie direct method 
through apprehension that the occurrence of a severe citrate reaction 
might sooner or later result in an unwelcome fatal issue We had had 
no deaths attributable to the use of sodium citrate in indirect trans- 
fusion, but had witnessed some disquieting reactions We had one 
death with symptoms of hemolysis following this method, though the 
bloods had been previously matched A certain number of deaths ha\e 
been described in the literature 
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The characteristic reaction following citrate transfusion usually 
commences with a chill, coming on from one to two hours after trans- 
fusion, and followed by a rise of temperature of from 2 to 6 degrees 
The maximum fevei is usually reached within from two to four hours, 
and the return to normal occurs a little less rapidly than the develop- 
ment of the fever Occasionally, the fever may persist for as long as 
three days 1 he subjective sj'inptoms consist of chilliness, headache, 
general discomfort, and, occasionally, nausea and vomiting Both the 
pulse and respiration are somewhat accelerated As a rule, recovery 
IS rapid and, to all appearances, complete 1 here is no way in which 
one may tell m what case one may expect a serious reaction with a 
high fever of long duiation, or a mild reaction, or none at all 





Chart 7 — Delayed reaction m donor coming on two and one-half hours after 
the termination of transfusion, and due chiefly to depletion 


During the last eighteen months we have performed twenty-four 
direct transfusions In no case has there been a distinct reaction to 
the transfusion One patient (Case 6503), whose case was diagnosed 
metrorrhagia, hypertrophy of the uterus, sclerosis of the uterine vessels 
and cyst of the right ovary, had been bleeding profusely over a long 
period of time, so that the hemoglobin had fallen to 44 per cent , red 
count to 1,904,000 A hysterectomy was performed, with the removal 
of a cystic ovary Immediately after the operation she was transfused 
by the direct method (Chart 3) The patient belonged to Group IT 
and the donor to Group IV Following transfusion she complaine 
of a low-grade pain in the back and abdomen, and for several days 
thereafter she had mild diffuse joint pains She vomited only once 
after the general anesthetic and transfusion Two or three days after 
the operation, she developed herpes on the lower lip The temperature 
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after operation at no time rose above what it had been during the 
preceding three days (102 F), and there was no respiratory distress and 
no hematuria The backache frequently occurs after hysterectomy, 
and the patient had given a previous history of recurrent general joint 
pains Thus, even though the donor and recipient were of different 
blood groups, one is scarcely justified m calling this case a definite 
transfusion reaction 

This case is reported m some detail because it comes nearest to 
being a case of transfusion reaction of all of our twenty-four cases 

Most of the transfusions have been performed on patients at the 
time of operation, and the presence of a low-grade febrile reaction 
cannot be taken as evidence of transfusion reaction, unless accompanied 
by other distinctive signs In none has chill occurred, and in none has 
there been any nausea, vomiting, respiratory distress, urticaria, or 
other symptom than that usually found m similar postoperative cases 
It IS customary, m discussing transfusion, not to consider an increase 
of 1 or 2 degrees of temperature, with entire absence of other mani- 
festations, as evidence of reaction ^ 

TECHNIC OF DIRECT TRANSFUSION 

The method of transfusion used m the twenty-four cases we report 
is the direct method by the cannula The cannula used is the one devised 
by Bernheim, and is made of silver It consists of two parts, a male 
and a female part, one fitting accurately into the other The ends of 
each half terminate obliquely, to facilitate inserting them into the 
vessels The end of the male half is for the donor’s artery, and is 
slightly smaller than the end of the female half, which is for the 
recipient’s vein The two halves are disconnected and boiled m a good 
mineral oil 

The region over the lower end of the left radial artery of the donor 
IS well infiltrated with 0 5 per cent procam solution, to each ounce of 
which about 2 drops of from 1 to 1,000 solution of epmephrm bas been 
added After about three minutes, an incision 1% inches (3 8 cm) long 
IS made over the radial artery, and the artery is carefully dissected out 
Care is taken to clamp every bleeding point with mosquito forceps 
About three-fourths inch (19 mm ) of the artery is exposed After first 
exposing the artery, the dissection may be more quickly completed 
bluntly by spreading closed scissors Mosquito forceps are used to catch 
about one third of the lumen of the artery near its lower end, and a fine 
catgut ligature is passed beneath the artery and tied, while gentle trac- 
tion IS made upward and toward the body with mosquito forceps In 
this way the ligature is placed at the extreme distal end of the exposed 
artery All bleeding points are tied with fine silk or fine catgut A 
serrefine is placed on the arterv at the upper end leaiing a little more 
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than a half inch (12 cm ) of the artery between the ligature and the 
serrefine The mosquito forceps, which still grasp the artery, are 
lifted up, and an oblique incision is made into the artery about one- 
third or one-half through its caliber Through this incision, the male 
half of the cannula, which has been boiled m mineral oil, is passed 
If there is any difficulty about introducing it, closed mosquito forceps 
can be inserted to dilate the artery After inserting the cannula, it 
IS tied snugly with a small linen ligature 

The wound is covered with moist gauze, and the female half is 
inserted into a vein of the patient in a similar manner It is advisable 
to use a vein that is sufficiently large, but not necessarily the large 
leins at the flexure of the elbow, as the scar here may later cause 
inconvenience 

The male half of the cannula may be inserted, with the donor in the 
operating room, and he may be permitted to walk to the patient’s room 
and recline in an easy chair while the two halves of the cannula are 
connected Just before connecting the cannula, a small spurt of blood 
from the radial artery is allowed to flow m order to expel the air 
The female half may be filled with salt solution for the same purpose 
The two halves of the cannula are then quickly united, both serrefines 
are removed, and the current of arterial blood is turned on The 
pulsation can be felt, and usually can be seen, in the vein If there is 
a tendency to clot, the serrefine is replaced on the artery, and the 
two halves of the cannula are disconnected A clot may be removed 
by applying suction from a syringe fitted with a small rubber tube, 
such as a piece of a small catheter If this does not succeed, a silver 
probe IS introduced into the cannula at either end, and the serrefine 
on the artery is removed until the blood flows freely Occasionally, 
clotting occurs very rapidly, so it is well to have two cannulas ready, 
that a new one may be inserted if the first one clots too frequently 
Usually a strong flow is obtained, which will last for ten or fifteen 
minutes without interruption Occasionally, it is necessary to dis- 
connect the cannula and clean it out 

It is important to see that the cannula is clean, that it is coated 
with oil, and that no blood is permitted to come in contact with its 
interior until immediately before the two halves are connected 

The linen ligature should be removed before closing the wound, 
otherwise it may cause trouble later The vessel is ligated with fine 
plain catgut, and the wound closed in the usual way 

It IS true that in the direct cannula method we do not know t e 
amount of blood transfused This is a valid criticism of the metho , 
but we would point out that the important element in transfusion is 
not the administration of 500 c c or 1,000 c c , or any stated 
of blood, but the infusion of sufficient blood to produce the esire 
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therapeutic effects In the administration of ether, or any drug, the 
object IS not to give a definite amount, hut to obtain a therapeutic effect 

It IS very important when using this method that the condition of 
both the recipient and the donor be followed first, to ascertain when 
a sufficient amount of blood has been transfused, and second, to prevent 
excessive depletion of the donor We have had no trouble in any of 
the transfusions with regard to the second factor The routine fol- 
lowed at St Elizabeth’s consists in recording at two and one-half or 
five minute intervals the systolic and diastolic blood pressure and pulse 
rate of both donor and recipient, together with close observation of 
the general condition and subjective symptoms in both persons It has 
been our experience in several cases of shock immediately following 
operation that the systolic blood pressure will fall to as low as 80 or 
70 mm , and the subsequent rise following transfusion is rapid and 
satisfactory, as indicated by the accompanying blood pressure curves 
for the recipients (Charts 1 and 2) We have found that from fifteen 
to eighteen minutes of transfusion is sufficient for therapeutic results, 
and does not cause too much depletion of the donor A great deal 
depends, however, on the size of the vein used in the recipient, on 
the size of the artery and on the blood pressure of the donor The 
process must be carefully watched to prevent the transfer of too large 
an amount of blood 

REACTION OF DONOR TO TRANSFUSION 

The blood pressure curves in the donor show as interesting changes 
as do those of the recipient We have found, in general, four types 
of curves, as illustrated by Charts 4 to 7 In the first type, which com- 
prises the great majority of cases, there is no change in blood pressure 
throughout the transfusion, or after its completion In the second type, 
the blood pressure of the donor may fall rapidly at, or near, the onset 
of transfusion to as low as 80, systolic, or 40, diastolic The fall is 
rapid over a period of five or ten minutes, and is accompanied by a 
slowing of the pulse of as much as thirty-five beats per minute, with 
the development of a sudden intense greenish pallor In this type of 
case we have terminated the transfusion temporarily until the blood 
pressure has returned to about normal, after which the transfusion may 
usually be continued for the customary length of time without further 
subjective change, or change in the blood pressure or pulse rate This 
appears to be a vagus type of reaction 

A somewhat analogous type of reaction consists of a fall, occurring 
toward the end of transfusion, or immediatel} after the transfusion 
has been terminated In one case the systolic pressure fell to 54 and 
the diastolic could not be obtained One distinct point of difference 
IS that in this t}pe the pulse rate rises The subjectne symptoms are 
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similai, and there may be nausea and vomiting Lowering of the 
head and the administration of aromatic spirit of ammonia will usually 
be sufficient to produce <i rapid amelioration of symptoms, and the blood 
pi essure again rises to normal, while the pulse rate falls It may take 
as long as forty minutes before normal equilibrium is restored This 
reaction appears to be due more to a loss of blood than to psychic 
factois, and is a dangei signal calling for immediate termination of 
the tians fusion 

Another type of reaction m the donor has been observed Thus, in 
Chart 7, the donor at the onset of transfusion had a systolic blood 
pressure of 140 , di.istolic SO This fell during transfusion to systolic 
125, and diastolic 80, and for one hour after transfusion the pressure 
remained constantly 120 systolic, diastolic 80 It was not until two and 
one-half hours after the termination of transfusion, when the donor was 
allow ed to sit up in a chair, that he began to feel faint The skin became 
jiale, cold .ind clammy, wuth a slightly greenish tint, and the patient lost 
consciousness The blood pressure at that time w^as 96 systolic, and 
60 diastolic He wms placed m bed, the foot of wduch was elevated 
The systolic blood pressure remained below^ 100 for more than one-half 
hour, but gradually increased, and at the end of two and one-half hours 
It w'as 110 systolic, 70 diastolic The patient was allowed to get up, 
returned home, and had no subsequent symptoms 

Cases wuth the last three types of reaction are infrequent The 
first type of curve is that usually encountered The factors influencing 
the type of reaction in the donor appear to be (1) the amount of blood 
withdrawn, (2) psychic influences, (3) vasomotor instability, (4) the 
rapidity wuth wduch fluid depletion can be replaced by the administration 
of fluids by mouth, and (5) the time at which the donor is allowed 
to get up 

ILLUSTRATIVE SEVERE CASES 

Case 5846 was that of a man, 75 years of age, who was operated on 
for cancer of the prostate After a preliminary suprapubic drainage, a 
suprapubic prostatectomy was performed Immediately after opera- 
tion the temperature was normal, the pulse 90, and the respiration 
Two hours later the patient began to bleed profusely from the site of 
operation The condition rapidly became critical The pulse increase 
to 160, respiration 24, and the blood pressure fell to 75 systolic, 
diastolic not obtainable He was transfused, and the blood pressure 
steadily increased until at the end of fifteen minutes of transfusion tie 
systolic pressure was 115, diastolic 85 The pulse fell to 120 T e 
was some bleeding for a short time only, following the transfusion 
The patient made an uneventful recovery, and is now symptom ree. 
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eleven months after the operation If in this case there had been a 
transfusion reaction, there can be little doubt that the patient would 
have died 

Another patient (Case 6112) was admitted with bleeding from the 
left kidney Fifteen days after a nephrotomy, the patient began to 
bleed in very large amounts through the wound, and it was found 
necessary to perform a nephrectomy Before operation, the hemo- 
globin was 55 per cent , red count, 2,844,000 The patient was first 
transfused for thirteen minutes before operation (Chart 1) The pulse 
was 135, systolic blood pressure 98, diastolic 40 At the end of trans- 
fusion, the pulse had fallen to 122, and the blood pressure had increased 
to 110 systolic, 60 diastolic A rapid nephrectomy was performed, 
toward the end of which h 3 ’^podermoclysis was started A half hour 
after completion of the operation, the sj-^stolic blood pressure was 60, 
diastolic 35, and pulse 180 He was transfused a second time from a 
second donor, for eighteen minutes, after which the pulse fell to 135, 
and the blood pressure rose to 80 systolic, and 45 diastolic Hypo- 
dermoclysis and supportive therapy were continued m this case, and the 
patient made an uneventful recover}'- Here, too, a typical citrate 
reaction might have proved fatal 

CONCLUSION 

We wish to emphasize the fact that m indirect transfusion, and 
particularly in citrate transfusion, there are chemical and biologic 
changes in the blood, and it seems probable that the reactions which 
often follow this method of transfusion are due to these changes These 
reactions are sometimes very severe, and occasionally cause death In 
the series of twenty-four cases of direct transfusion, which comprise 
all of the transfusions we ha\e performed during the last eighteen 
months, there has been no reaction 
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I INTRODUCTION 

In 1918 one of us found that, after removing a tumor of the ulnar 
nerve, there was such a large gap that it was impossible even by trans- 
planting the nerve into a new bed and flexing the arm to get the two 
ends together He, therefore, implanted the central and peripheral 
ends into longitudinal slits in the median nerve with the idea of using 
the nerve as a bridge The nerve regenerated perfectly 

The research herewith reported was undertaken to determine the 
best method of repairing an injured peripheral nerve when an end-to- 
end suture was not possible The advantage of a cable autotransplant 
as compared with a homotransplant or heterotransplant has been so 
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completely worked out by Huber ^ and his co-workers that we saw no 
purpose in repeating their work We saw certain possible objections, 
however, to this method which prompted us to investigate other 
methods for bridging defects in peripheral nerves Our experiments 
have been carried on over a period of two years The cases A\ere 
studied both anatomically and physiologically 

We will not discuss the literature on this subject The most 
important work bearing on this subject has been done by Huber," Howell 
and Huber Joyce,^ Kilvmgton,® Osborne and Kilvington,® Kirk and 
Lewis," Langley and Hashimotto,® Ranson,® Spiller, Frazier and Van 
Kaathoven,^® and Von Hofmeister 

II METHODS EiSED IN THIS RESEARCH 

1 Technic — Dogs were used for all the experiments The animals 
were always operated on under general anesthesia In each case the 
sciatic nerve and its branches were used Care was taken to ha\e a 
bloodless field, to handle the nerves as little as possible and then only 
by the perineural sheath The nerves were cut with a razor blade 
and handled with fine mouse tooth forceps The sutures throughout 
were of silk, either blood vessel silk or one strand of split No A silk, 
threaded on a No 10 cambric needle The sutures were passed only 
through the perineural sheath Bleeding from the cut end of the ner\e 

1 Huber, G C Repair of Peripheral Nerve Injuries, Surg, Gvnec &. Obst 
30 464 (Naj) 1920 

2 Huber, G C A. Stud\ of the Operatne Treatment for Loss of Ner\e 
Substance in Peripheral Ner\es J klorphol 11 630-733, 1895 

3 Howell and Huber A Plnsiological, Histological and Clinical Stud% of 
the Degeneration and Regeneration in Peripheral Ner\e Fibers After Se^erance 
of Their Connection with the Ner\e Centers, J Physiol 13 335, 1892, ibid 
14 1, 1893 

4 Joyce, J L A Stride of a Senes of Peripheral Xerie Injuries irom 
a Surgical Aspect Brit J Surg 6 418 (Jan ) 1919 

5 Kihington, B An Ini estigation on the Regeneration of Nerits Brit 
M J 1 935 ( April) 1905 

6 Osborne and Kihington Central Nenoiis Response to Peripheral \cnous 
Distortion, Brain 33 289, 1911 

7 Kirk E G and Lewis, Dean Regeneration in Peripheral \er\es, Bull 
Johns Hopkins Hosp 28 71 (Feb) 1917 

8 Laiiglei and Hashiinotto On the Suture of Separate Xer\e Bundles in 
a Xerie Trunk and on Internal Xeric Plexuses J Phisiol 51 318 1917 

9 Ranson, S \V Degeneration and Regeneration of Xerie Fibers, J Comp 
Neurol 22 487 1912 

10 Spiller AY G , Frazier C H and Van Kaathoien J J A Nerie 
Transplantation in Treatment of Cerebral Spinal and Peripheral \eric Palsies, 
Am T Med Sc 131 430 1906 

11 Von Hofmeister Leber doppclte und mehrtache Xeri enptropiung 
Beitr 7 kbit Chir 96 329, 1913 
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was conti oiled either by cotton pledgets soaked m warm saline or by 
the injection of warm saline into the ner\e Nerve tissue was always 
approximated to nerve tissue, and all foreign material as far as possible 
was kept out of the path of the regenerating fibers 

In many expeiiments absolute alcohol was injected into the end of 
the nerve to deteimine its eflect on the various types of repair and 
neuroma formation 

2 Methods of Rcpan — A number of different methods were tried, 
sucii as tubes of foreign bodies and of fascia, but all were discarded 
except the three following 

(o) Anastomosis of the cent) at and feiipheial ends of an tnjuied 
nctve into lonejitudinal incisions in a noinial ncii’c These longitudinal 



Fig 1 — Anastomosis of tlie central and peripheral ends of an injured nerve 
into longitudinal incisions in a normal nerve 


incisions were each about 6 mm long and as nearly as possible m the 
same quadrant of the nerve When the nerve to be implanted had 
a neuroma on its end from a previous operation, it was cut back until 
normal looking axis cylinders were exposed The ends of the nerve 
were then sutured into the longitudinal slits and held in place by sutures 
passed through the perineural sheaths This type of suture is illustrated 
in Figure 1 The peroneal nerve was cut and sutured into the t'bial 
nerve in each case (eighteen experiments) 

(b) Anastomosis of the cential and penpheral ends of an injined 
nerve to flaps cut m the same qiuxdiant of a normal nerve (Fig 2) 
The peroneal nerve was cut and sutured to flaps in the tibial nerve 
Three sutures were used at each line of suture (fifteen experiments) 
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Fig 2 — Anastomosis of the central and peripheral ends of an injured ner\e 
to flaps cut in the same quadrant of a normal nerve 



Fig 3 — Autotransplant of half of the central end of the injured nerve 
the removed segment being just long enough to bridge the deicct Portion C 
is completelv excised 
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(0 Aiitotimnplaut of half of flic ccnhal end of the injwcd neive, 
the icginenf lewovcd bcwq jtnl long enough to budge the defect (auto- 
riutotransplanl) (Fig 3) Fiom tliree to four sutures were used at 
each suture line (sixteen experiments) A few end-to-end sutures and 
a few cal)le iiutotiansplants were performed as controls 

In three experiments the nerve w-as cut and allow^ed to fall back 
into its formei bed w ithoiit any attempt to bring the ends together In 
two of these experiments absolute alcohol wms injected into the central 
end to test its influence upon neuroma formation 

3 Physiologic Tests — Following the operations the nerves w^ere 
exposed at caiying intervals, ranging from three days to five months, 
and tested ph} siologicalij to determine any signs of regeneration The 
animals were alwaj's anestheti^'ed for these tests The tests consisted 
of stimulating the nerre ccntrall} and peiipherally to the point of repair 
with small platinum c'eclrodcs attached to a faradic coil A current 
just strong enough (threshold current) to cause a response in a normal 
nei \ e was used The nerve during the stimulation w'as raised from its 
bed so that it was separated from all surrounding tissues to avoid 
spread of the current Two responses w'cre looked for a peripheral 
one which consisted of contractions of the muscles, and a central one 
which consisted in the reflex stimulation of respiration recently described 
b} one of us (Malone) In the accompanying tables these tw'o types 
of response are referred to as penpheial and central response i 

In some ca^es each muscular branch of a nerve w'as iso'ated and 
musculai contractions were noted wdien each of these nerve branches 
W'as stimulated In a few experiments, chronomyometer tests w'ere 
applied to the muscles before the nerve was exposed 

4 Anatomic Methods — Followung the physiologic tests the animals 
w'ei e killed and the gross appeal ance of the nerve noted The nerve was 
then removed , a diagram w'as made of it , it w'as stained m silver 
ONridm® and examined microscopically Some of the specimens were 
cut from 5 to 10 microns thick m cross-section, others longitudinally 
Every fifth section w'as mounted so that nerve fibers could be traced 
systematically and these series of slides enabled us to visualize the 
reconstructed nerve A few' series were stained wnth Marchi, cut 
longitudinally and studied seiially 

12 Malone, J Y A Method of Determining the Earfi Regeneration of 

Nerve Fibers at Operation, Arch Surg 3 634 (Nov ) 1921 

13 Sachs, E , and Malone, J Y ^ More Accurate Clinical Method ot 
Diagnosis of Peripheral Nerve Lesions and of Determining the Early Recoier\ 
of a Degenerated Nerve with Report of Cases and Experimental Data, rc 
Neurol & Psycliiat 7 58 (J3.n ) 1922 
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III RESULTS WITH DIFFERENT TYPES OF REPAIR 

In Table 1 are summarized the results of the eighteen experiments m 
which the two ends of the nerve were implanted into an adjacent ner\e 
The results in this type of experiment may be considered under two 
headings, physiologic and histologic 

(1) Physiologic — (a) The distance from the point of anastomosis 
to the muscles innervated by the injured nerve was from 10 to 14 cm 
Regeneration was complete as indicated by the muscular response in 
e\ery case by the ninetieth day This would make the average rate of 
regeneration approximately 1 cm per week Though the ner\e has a 
normal physiologic response at the end of ninety days, histologicalh 
It does not have the appearance of a normal nerve The clear spaces 
about the axis cylinders that are seen in a normal nerve are not present 
instead, this space appears filled by a pale greenish staining homogene- 
ous mass in the silver pyndin specimens AVe presume this substance 
is preformed myelin 

(Z?) Complete regeneration occurred irrespective of the distance 
between the two ends of the implanted nerve This distance varied 
from 1 to 6 cm When the distance between the two ends was from 
1 to 2 cm , regeneration seemed to occur a week or two sooner than 
when the interval was from 5 to 6 cm The explanation for this 
observation is not perfectly clear It may be that the number of fibers 
growing from the normal nerv'e into the implanted nerve are not 
sufficient to give an early reaction or it may be that the fibers growing 
from the central end of the injured nerve do not reach the peripheral 
end so soon The latter is just what one would expect, for thev have 
from 3 to 4 cm farther to grow 

(c) Regeneration occurs almost as rapidly in cases of secondarv 
sutures performed tw'o months after an injury as in those performed 
immediately after an injury 

{d) In experiments in which the distance between the central and 
peripheral ends of the imjilanted peroneal ner\e was but from 1 to 2 
cm and m which complete regeneration had occurred, stimulation of 
the ccntial end of the peroneal nerv'e produced good contractions of the 
muscles innervated normally bv the peroneal nerve and often a we-ik 
contraction of a muscle innervated bv the tibial nerve The longer the 
gap however, the more frequentlv did muscles contract which were 
supplied bj the tibial nerve in addition to tho'^e supplied bv the jieroneal 
nerve This indicated clearlv that some peroneal fiber-' had grown 
down the tibial nerve as well as down the peroneal In order to prove 
this positivelv the tollovvmg experiment was tried \tter complete 
pin '■lologic reeoverv had occurred in one oi the implants of the jieronv i! 
nerve into the tibial nerve the tibial nerve proximal to the imp! mt ition 
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of the peroneal nerve was cut After eighteen days, tests were made and 
it was found that the peroneal muscles responded actnely while the 
muscles supplied by the tibial ner^e also responded, but weakh This 
physiologic evidence indicated that some peroneal fibers had grown 
down the tibial nerve This was confirmed histologically for sections 



Fig A — Longitudinal section oi peroneal ncr\e peripheral to implantation, 
showing large number of axis cxlindcrs 


of the peroneal ner\e showed a ncarh normal number of axis ctlindcrs 
(Fig 4), w'hile the tibial ner\e showed but a few axis calinders (Fig 5^ 
(r) Stimulation of the tibial ner\c central to the peroneal an i=to- 
mosis produced strong contractions of the tibial group of muscles anu 
weak contractions of the peroneal group From tins and the foregoing 
obseraation, it is apparent that fibers grew from the tibi'*! into the 
peroneal and a ice a ersa 
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In oidei to demonslrale that complete regeneration had occurred 
to every muscle, the vanous blanches of the tibial and peroneal nerves 
were isolated and stimulated The muscles responded just as vigorously, 
irrespective of the origin of then ner\e suppl} 

(/) In all cases in which a muscle contraction occurred, the 
respiratory response desciibed In one of us recently ( J Y M ) was also 
present 1 his i espirator} i espouse w as also present in all cases in which 
the axis cylmdeis had grown through the ner\e block, even though 
the fibeis had not }et grown down to the muscles 



Fig 5 — Longitudinal section of tibial nerve peripheral to anastomosis show- 
ing very few axis cvhnders Figures 4 and 5 are from a case of double 
implantation of peroneal nerve into tibial nerve, complete regeneration at end 
of five months , tibial nerve cut central to anastomosis eighteen days before 
specimen removed , all fibers m Figures 4 and 5 that did not degenerate must 
have had their origin from the central end of the peroneal nerve 

2 Histologic — It is difficult to trace funiculi down a nerve, but this 
can be done quite satisfactorily in serial sections The difficulty arises 
from the fact that at every suture line the fibers form whorls, especially 
at the central point of anastomosis We have found, however, that 
peroneal fibers grew down the tibial nerve (Fig 6) , and when they 
reach the point where the distal end of the peroneal nerve had been 
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implanted, some fibers gre\\ into the tibial and some into the peroneal 
nerves By the stud\ of osmic acid preparations, it was possible to 
trace fibers from the central end of the peroneal nerve through the 
tibial ner\e out into the peroneal ner\e The longer the gap between 
the twm ends of the peroneal ner\e, the more do tibial fibers grow into 
the peripheral peroneal This we believe is explained bj the fact that 
they are “the first on the ground,” that is, they originate from the 
injury of the tibial ner\e at the distal implantation of the peroneal and 
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about normal This overproduction of axons merely corroborates 
Osborne and Kilvmglon’s® and Ranson’s® observations that the grow- 
ing point of an axon may split into several fibrillae, but evidently the 
unused fibrillae degenerate later 

Results Aftci Double Auasfomous to Flaps Cut tnto a Noimal 
Nc} VC ~ln this series, fifteen experiments were performed (Table 2) 
The results were essentially the same as those in the first series and were 



Fig 7 — Part of peroneal nerve distal to suture showing regeneration of 
nerve after a double implantation at end of three months, and the excess of 
axis cylinders and the absence of medullary sheaths At this stage the physiologic 
response of this nerve was normal, magnification same as in Figures 8 and 9 


about as good There were two notable differences First there was 
more bulb formation at the site of anastomosis and more whirling of 
axons, but not enough evidently to interfere with regeneration, and, 
secondly, there was less crossing of peroneal fibers into tibial and tibial 
into peroneal 

Results of Autoti ans plant of a Segment of Half of the Central 
Portion of the Injui ed Nei ve into the Gap — There were sixteen experi 
ments in this series which are recorded in Table 3 







TABLE 2 — Anastomosis of Central and Peripheral Ends to Flaps Cut in Intact Nerve, Left Peroneal 

Cut and Anastomosed to Flaps Cut in Left Tibial 
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1 Physiologic — (a) As judged by the return of function, complete 
regeneration was observed about as rapidly as after tbe other methods 
of repair (ninety days) 

{b) The central physiologic response was always present by the 
sixtieth day after the suture How much earlier than this it was present 
we were unable to determine in this series as none of the nerves were 
tested physiologically before that time, except three and ten days after 
repair, when it had not yet appeared 



Fig 8 — Cross-section of tibial nerve distal to auto-autotransplant five months 
after repair , all the medullary spaces are filled \\ ith axis cylinders but there 
is no excess of axis cylinders as in Figure 7 


(c) Peripheral response when it did appear was as active in one 
branch as m another, showing that regeneration was occurring through- 
out the nert e 

2 Histologically — Axis cylinders grow from e\ ery point where the} 
have been cut, but most of the fibers that get to the peripheral portion 
of the nerve grow through the autotransplant from those axis cylinders 
which he in direct contact with the transplant Some of the fibers grow 
dowui betw^een tbe funiculi of the autotransplant and reach the peripheral 
end of the nerve Some fibers were observed growing from the central 
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end of the neive from which the autotransplant had been removed 
These fibers grow along the nerve as well as the transplant and reach 
the peripheial end of the ner\e, but as there is some neuroma forma- 
tion at that point, man} of the axons never get through Cross-sections 
weie taken fiom the nerve where the tiansplant had been removed 
(Fig 3b), from the transplant c and both were compared with cross- 
sections through a and d These showed that the number of avis 
c}dinders m the tiansplaiit was far gi cater than m half the original 



Fig 9 — Cross-section of peroneal nerve central to double implantation show- 
ing the appearance of a normal nerve with well formed medullary spaces and 
large number of nonmedullated fibers 


nerve, and, though not actually counted, approximated the number of 
axis cylinders in the normal nerve All the medullary tubes in the 
peripheral portion of the nerve after complete regeneration has taken 
place are completely filled with axis cylinders (Fig 8) There is a 
marked overproduction of axis cylinders, for some of the medullary 
tubes contain several axis cylinders, and in some cases as many as five 
This overproduction is striking at the end of three months , but w en 
such nerves are studied after a five months’ period, the nerve looks n^^ 
mal, and evidently the surplus number of axons have disappeared s 
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was to be expected, a moderate amount of neuroma formation was 
observed both at the point where the transplant was removed and also at 
the distal suture line A most interesting finding has been that nerves, 
when they first give a normal physiologic response after regeneration, 
histologically do not look normal (Figs 7 and 9) The clear medullated 
sheaths are not present , but from six to eight weeks after that, such a 
nerve looks normal This would indicate clearly that a motor nerve 
may functionate before it has regained its normal histologic appearance 


IV DISCUSSION OF THE MERITS OF VARIOUS TYPES OF OPERATION 
FOR BRIDGING NERVE DEFECTS 

Our work has convinced us that any type of tissue other than nerve 
tissue used to bridge a nerve defect is, as a rule, unsatisfactory This 
IS merely confirmatory of what other observers have noted 


TABLE 4 — Primary End-to-End Suture 


E\peri 

ment 

^o 

Days 

Between 

Repair 

and 

Eyami 

nation 

Phjsiologic Response 

Histologic 

Peripheral 

Central 

Macroscopic 

Microscopic 

33 

20 

Not tested 

Not tested 

Little scarring or 
bulb 

Regeneration complete 
through suture line and fair 
2 cm distal 

93 

32 

Negative 

Pos 2 cm 
distal to 
suture line 

Little scarring and 
small bulb 

Regeneration partial 4 cm 
distal to suture line 

89 

150 

Positive 

Not tested 

Little scarrmg and 
small bulb 

Regeneration complete 

69 

157 

Positive 

Negative 

(anesthetic 

deep) 

Little scarring and 
small bulb 

Regeneration complete 6 cm 
distal (not studied farther) 
some tendency to neuroma 
formation at suture lino 

T3 

161 

Positive 

Positive 

Little scarring and 
small bulb 

Regeneration complete 

91 

240 

Positive 

Not tested 

Little scarrmg and 
small bulb 

Regeneration complete some 
neuroma formation at su 
ture line 


The type of repair that is most satisfactory for bridging defects so 
large that end-to-end anastomosis is not possible is the implantation of 
the central and peripheral ends of the nerve into an adjacent healthy 
nerve Such a procedure in dogs gave a very satisfactory result and 
did not interfere with the function of the healthy nerve When the 
gap was 2 cm or less many fibers from the central end grew into the 
peripheral end of the nerve The larger the gap, the fewer fibers from 
the central end grew into the peripheral end , but some could always be 
traced into the peripheral stump and also into the normal nerve As the 
maximum source of new axis cylinders is always desirable, this pro- 
cedure should always be followed regardless of the size of the gap 
There are two conditions in which the double implantation method is 
impracticable One of these is encountered when the se\ered ner\e is 
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largei than the nerve into which an implantation could be made The 
other condition occurs when there is no adjacent nerve available In 
both these cases the method of auto-autotransiilant is preferable 

I'he second type of anastomosis we have described has no advantages 
o\er the foiegoing, cither as to rate of regeneration, completeness of 
recovery or central fibers connecting with the distal end It has the 
gre.at disad\ant€age that much more injury is done to the normal nerve 
and there is moie tendency to neuroma formation 

The method of auto-autotiansplant described in this communication 
has the ad^antage th.it no noim.il nerve has to be destroyed and that it 
can all be carried out in one operative field The results, m dogs, seem 
at least .is good as those obt.nned by Huber’s - autotransplant 

\ gi:m:kal coNSinnu \riONs 

In e\er_\ tjpe of ncr\e suture, no matter how perfect the approxima- 
tion IS, there arc whorls as the fibeis giow out, so that corresponding 
fibers do not join, consequenth some reeduc.ation is always necessary 
The objection that one might expect would be laised to the removal 
ot ji.irt of a ner\c is that ceitain funiculi going to certain muscle groups 
w’ould thereby be injured or destroyed The existence of internal 
plexuses in nerves, wdnch has been the thesis of the w'ork of Dustin, 
Heinemann,^ ' Langley and Hashimotto,'’ and most recently McKinley,^® 
disposes of this objection 

Our exjienments lend supjiort to this contention Cross-sections of 
the sci.itic nerve trunk, taken at 3 mm inteivals, showed a variation 
in the number and si7e of the funiculi This cariation in number w'^as 
as follows three, seven, seven, four, three Cross-sections of the 
posterioi tibial nerve of a man w'^ere shuink to such an extent by the 
fixative that accurate counts w'ere not possible, but here also a marked 
variation in the number of funiculi at different levels w'as noted 

As further evidence bearing on this question w^e wnsh to point out 
that after cutting about one third of the diameter of the tibial nerve 
all the muscles supplied by the nerA^e reacted wdien each nerve branch 
to each group of muscles wms stimulated Whether there was any 
sensory impairment, of course, could not be determined on animals 
Furthermore, a cross-section of the nerve below' the point of section 
studied after degeneration was complete showed that the degenerated 

14 Dustin, A P Les lesions post trauinatiques cles nerfs contribution 
a I’histopathologie du systeme nerveux periphenqtie chez rhomme, Ambulance e 
“L’Ocean,” La Panne Extrait du fascicule II, December, 1917 

15 Heinemann, O Weitere Untersuchungen uber den inneren Ban cier 
grossen Nervenstamme, Arch f klin Chir 109 121, 1917 

16 McKinley, J C The Intraneural Plexus of Fasciculi and Fi ers i 
Sciatic Nerve, Arch Neurol & Psychiat 6 377 (Oct) 1921 
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fibers were scattered throughout the nerve and did not occupy one por- 
tion of the nerve as they should have if the fibers travel down a nerve 
in the same sector 

Secondary sutures made several months after injury are as successful 
as primary sutures if the funiculi are brought into perfect approxi- 
mation without a connective tissue barrier The physiologic recovery 
was somewhat slower than m a primary suture We have been unable 
to determine any reason for this 



Fig 10 — Silk suture with regenerated axis cylinders passing between the 
strands of silk A, silk, B, axis cylinders 


Injection of absolute alcohol into the cut end of a nerve reduced 
the tendency to neuroma formation in two experiments and to some 
extent in a third , but we were unable to obtain a picture similar to 
that obtained by Lewis and Huber m rabbits Our observations tend 
to show that the injection of absolute alcohol does not completeh pre- 
vent neuroma formation, though it does inhibit it Injection of alcohol 
into the nerve trunk at the site of suture vith the idea of pre\enting 
neuroma formation seemed of no value, though it did not interfere 

17 Lewis, Dean, and Huber, G C , A.mputation Neuromas Their De\elop- 
ment and Pre\einion •Vrch Surg 1 85 (Juh) 1920 
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with the process of regeneration or prolong this process The distor- 
tion of axons and interference with their growth at the site of suture 
IS due to those factors that have been empliasized in the publications 
that have appealed in the last few years Connective tissue is the 
great obstacle, and anything that may increase the formation of scar 
tissue IS to be avoided Occasionally, in the larger human nerves, 
bleeding fiom a small vessel is very troublesome and cannot be stopped 
by the application of heat In such cases, rather than leave a fine 
ligature in the center of the regenerating nerve, we have for some 
yeais distended the end of the nerve with salt solution Another and 
most important factor m getting good regeneration is the accurate 
appioxim.ition of the ner\e ends so that the exposed ner\e ends come in 
contact To accomplish this most perfectly, sutures, as far as possible, 
should be placed in the perineural tissue and not through the fasciculi 
We are convinced that sewing individual fasciculi together is a physical 
impossibility as A\ell as not being absolutely necessary In this connec- 
tion, it may be well to emphasize again that extremely fine silk heals 
in uith far less leaction than does catgut It is quite astonishing to 
note that the reaction about silk is so slight that frequently axons can 
be seen growing betw'cen the strands of a silk ligature (Fig 10) 

SUMMARY AXD CONCLUSIONS 

1 Three methods of bridging defects in nerves have been studied 
b} a combination of physiologic and histologic methods 

2 It has been showm that nei ve fibers wull grow down the trunk of 
a healthy nerve through a longitudinal incision without impairing its 
function and part of the fibers connect up wnth the peripheral end It 
IS, therefore, of distinct advantage to implant the central end of a cut 
nerve as w^ell as the peripheral end 

3 On account of the branching of regenerating fibers, enough axons 
are produced when a nerve is cut longitudinally to fill the sheaths in the 
implanted nerve, indicating that in a nerve anastomosis, an end-to-side 
implantation is perfectly satisfactory This confirms our clinical 
experience We have for years practiced this method of anastomosis in 
faciohypoglossal anastomosis 

4 The test described by one of us (Malone) for determining that 
nerve fibers have grown across a point of suture has proved a valuable 
aid in determining at an early date whether or not a nerve is 
regenerating 

5 The study of cross-sections of nerves as well as the results fo ow 
mg the method of auto-autotransplant described in this paper throw 
doubt on, and we believe disprove, the contention that peripheral nerves 
have an internal topography as maintained by Stoffel 
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6 Though absolute alcohol may inhibit to some extent the forma- 
tion of neuromas, it does not absolutely prevent them 

7 The most important factor in a successful nerve anastomosis is the 
accurate approximation of the nerve ends so that there is no tissue 
between them which may interfere with the regeneration of the fibers 
Every effort, of course, should always be made to bring them together 
in their original anatomic relation , but, owing to the presence of internal 
plexuses in nerves, it is not so essential as has been supposed heretofore 
Whenever a nerve regenerates, whorls are formed at the regenerating 
end, consequently the central end of a fiber does not necessarily connect 
with its corresponding peripheral end 

8 The method of auto-autotransplant described in the foregoing 
pages for bridging defects too long to permit of an end-to-end anas- 
tomosis IS to be preferred to cable autotransplants because no normal 
nerve has to be injured and the operation can be carried on in one field 

9 The method of choice for bridging large defects whenever possible 
IS the double implantation method of anastomosis Its advantage over 
the auto-autotransplant lies in the fact that some axis cylinders have 
only one suture line to grow through, while in the auto-autotransplant 
they all have to go through two suture lines 
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In man} inst.iiuc';, the most desirable results in treating malignant 
tumois of the bladdci aie obtained In a combination of surgery and 
the use of the minim.d qtianliU of radium that will eftectually limit 
further .ictivity of the malignant cell Russ and Chambers,^ in 1913, 
showed that long jieiiods of radiation killed the cells of transplanted 
i<it tumors which then were absorbed r.ipidly After a shorter radia- 
tion, even though the grafted tumor failed to develop, the cells remained 
at the site of inoculation for a long time, but their capacity for 
prohfer.ition was diminished Wassermann = exposed extirpated rat 
cancer to radium ia}s from mesothorium and inoculated the cancer into 
susceptible <mimals, but growths did not result lie asserted that the 
death was nuclear, not cellular, the proliferating power of the cell was 
destioyed but the cell vas not killed Price® found that after mouse 
tumors had been exposed to radium, the power of cell division was 
incomplete, as was shown by the decrease in the number of mitotic 
figures Prime ‘ believes that the inability of inoculated fragments to 
grow depends to a certain extent on the failure of the nucleus to per- 
form the usual steps preliminary to division In irradiated tissue, multi- 
nucleated cells (those with division of nuclei but not of cytoplasm) 
were not found, but rather cells with nuclei many times larger than 
that of the normal cell Prime concludes that radium in sufficiently 
large doses will injure the nucleus of the cell and so inhibit further 
division, which must eventually result in the death of the cell 

It is probable that mitotic figures have a direct bearing on the 
recurrence of malignant growths and the successful transplantation of 

1 Russ, S , and Chambers, Helen On the Action of Radium Rays upon the 
, Cells of Jensen’s Rat Sarcoma, Proc Roy Soc London, B 86 482-489, 191 

2 Wassermann, A Analyse der Wirkung radioaktiver Substanzen an 
Mausekrebs, Deutsch med Wchnschr 40 524-528, 1914 

3 Price, J C, and Mottram, J C, quoted by Prime, F Observations upon 
the Effects of Radium on Tissue Growth m Vitro, J Cancer Res 2 
(April) 1917 

4 Prime, F Footnote 3 



SCHOLL-BRAASCH— BLADDER TUMORS 


335 


the cells Evans ® studied the relationship between mitotic figures and 
malignancy in uterine myomas and found that only from tumors con- 
taining large numbers of mitotic figures were the cells able successfully 
to invade the tissue and recur after the removal of the original growth 

Radium is usually employed m the form of radium salt, in which 
the beta rays are filtered out and the gamma rays alone used The 
limited range of the beta rays, from 6 to 8 mm , permits them to be 
effective only in exceptional cases, in which they usually are screened 
off in order to prevent destruction of the tissues intervening between 
the capsule and the point of irradiation The beta rays, being many 
times more numerous than the gamma rays, are extremely effective 
at short range They have a correspondingly greater ionizing force 
over a very limited area In unscreened radium, the beta rays are 
filtered out by the adjacent tissue, over which they exert an extremely 
destructive influence Wood and Prime ® have shown that if pure 
gamma rays only are used, the exposure necessary for cellular destruc- 
tion IS eight times as long as that required when gamma and beta rays 
combined are employed Wedd and Russ " found that exased tumors 
irradiated one hour with 5 mg of unscreened radium rays do not pro- 
liferate on transplantation, but that an exposure of eighteen hours to 
gamma rays alone from 5 mg of radium is insufficient to inhibit such 
growth 

By burying tubes containing unscreened radium emanation directly 
in the growth, these highly effective beta rays may be utilized Jane- 
way ® asserts that 100 per cent of radium efficiency may thus be 
directed against the tumor By employing the numerous beta rays, 
small amounts of radium become very effective The tubes permit 
accurate, measured distnbution of the radium rays, and thus, with the 
short range of the extremely active beta rays,, an exceptionally high 
dosage may be employed without damage to normal tissues Bagg'’ 
planted emanation points in rat tumors and found that they produced 
areas of necrosis about 1 cm in diameter which were practically 
uniform for varying amounts of the emanation 

5 Evans, N Malignant Myomata and Related Tumors of the Uterus, 
Surg , Gynec &. Obst 30 225-239 (March) 1920 

6 Wood, F C, and Prime, F The Action of Radium on Transplanted 
Tumors of Animals, Ann Surg 62 751-765, 1915 

7 Wedd, B H, and Russ, S The Effect of Roentgen and Radium Radia- 
tions upon the Viabilitj of the Cells of Mouse Carcinoma, J Path &. Bacteriol 
17 1-11, 1912 

8 Tanewaj, H H Treatment of Cancer, Particularlj of the Tongue Tonsil 
and Rectum, In Buried Emanation, Am J Roentgenol 6 92-101 (Feb ) 1920 

9 Bagg H T The Action of Buried Tubes of Radium Emanation upon 
Normal and Neoplastic Tissue, Am T Roentgenol 7 536-544 (No\ ) 1^20 
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Radium is most commonly employed m the treatment of surface 
growths, especially of the skin, breast, and cervix Tumors of the 
deeper structures, especially malignant growths of the stomach and 
urinary bladder, have not been considered suitable for radium treat- 
ment 

Certain types of tumors of tbe bladder respond to excision, others 
offer an extremely poor prognosis Owing to the difficulty of completely 
eradicating the tumor and its frequent cellular transplants, recurrence 
IS earl}”^ and extensive This is particularly true of the solid meaty 
epitheliomas commonly occurring in the base of the bladder Small 
infiltrating wedges of actively malignant cells, which project down 
through the muscle bundles, are often cut across when a portion of the 
bladder wall is excised The undisturbed clumps of cells remain in the 
normal tissue, act as foci, spread rapidl}' and extensively, and often 
attain an inoperable si7e shortly after operation Since epithelial tumors 
of the bladder rarely metastasize, patients who die from malignancy of 
the bladder usually succumb because of the local condition Any 
procedure that would aid in effectually eliminating the local condition 
would in many cases cure the patient Tumors recurring in patients 
who return at three-month intervals after operation, in response to 
follow'-up letters, are generally small and respond readily to intravesical 
manipulation 

There are several types of instruments for the endovesical appli- 
cation of radium to tumors of the urinary bladder In some cases in 
which the tumor is situated in the base of the bladder, it is possible 
to plant radium needles directly in the tumor through the perineal 
tissues, as in the treatment of malignant disease of the prostate 
Young has described a method for applying radium in the capsule to 
the tumor under actual vision Woolston “ has devised an apparatus 
wdiereby the radium may temporarily be fastened to the malignant area 
Both Lewis and Janeway have described instruments by means of 
wdnch tubes of emanation may be planted directly in tumors 

By direct cystoscopy, any type of needle may be used if it is 
sufficiently long to pass through the lumen of the instrument and con- 
tains a movable stylet or plunger The majority of vesical tumors are 
directly in line with the urethra, being situated on the base, dome, or 

10 Young, H H Cancer of the Prostate, in Cabot, Hugh Modern Urohgy 
m Original Contributions by American Authors, Philadelphia, Lea & Febiger, 

1918, vol 1 -n J + 

11 Woolston, W H An Instrument for the Application of Kadium o 
Tumors of the Bladder, Surg , Gynec & Obst 81 627-629 (Dec ) 1920 

12 Lewis, R M Apparatus for Implantation of Radium Emanation Points, 
Surg, Gynec & Obst 30 528 (May) 1920 
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posterior or lateral walls, where they may be reached with a straight 
needle The anterior wall and sphmcteric area are rarely involved, 
usually only in diffuse or inoperable cases 

Flat, infiltrating tumors, which so readily recur, are treated at the 
Mayo Clinic with radium emanation prior to operation Small amounts 
of the element are used with the idea, not of completely destroying the 
growth, but of diminishing the capacity of the cell for proliferation 



Fig 1 — ^Application of radium emanation points through the Braasch direct 
vision cj'stoscope 


This IS done in an attempt to inhibit early recurrences from segments 
not removed and to prevent reimplantation of cells freed during the 
excision of the tumor 

The patient is given a cystoscopic examination with a direct tision 
instrument , the basal opening of the cystoscope is placed on the tumor 
and the e^e-plece detached This allows the water free exit, following 
wdnch the contraction of the bladder firmh implants the tumor against 
the open end of the instrument and holds it in place until the point 
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of the radium needle can be inserted and the tube driven into the 
growth The bladder is then lefilied with water and a second area of 
the tumor localized This piocedure is repeated until the tubes of 
emanation have been studded throughout the grouth. on an average of 
about one to e\eM squaie centimeter of tumor tissue Tubes containing 
approximately 1 millicurie have been found the most satisfactory 
(Figs 1 and 2) 

The case histones leported illustrate the technic, indicate the 
amounts of radium used, .ind record the immediate results obtained 
Sufficient time has not elapsed since the patients were first treated to 



Fig 2 (Case 1) — Resected carcinoma of the bladder, areas of destruction 
around the radium emanation tubes 


justify any statement concerning the efficiency of the treatment It is 
not held that these changes lesult from the action of radium rays alone, 
but merely that they are a sequence of radium irradiation 

REPORT or CASES 

Case 1 (A 352196) — J McL , man, aged 63, came to the clinic m March, 
1921, with a complaint of intermittent pyuria and occasional hematuria dur- 
ing a period of ten years During the eight months before examination, he 
had lost 14 pounds (64 kg) 

Cystoscopic examination revealed a flat, irregular mass, 2 5 by 4 cm , on 
posterior wall of the bladder A specimen was removed for examination an 
800 mg hours of radium emanation in six tubes was inserted in the tumor 
The removed portion proved to be papillary carcinoma The cells were regu ar 
in outline, but varied in size and shape 
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At operation twenty days later, a small, fibrous, ulcerated epithelioma was 
resected from the posterior w'all The suprapubic w^ound healed completely 
in ten days 

Histologic examination of the tumor removed at operation revealed extreme 
fibrosis The bulk of the growth was composed of necrotic and fibrous tissue 
with numerous thin-walled, newly formed blood vessels A number of emana- 
tion tubes were found still embedded m the tumor, around several of w'hich 
necrosis extended for a distance of 8 mm The few malignant cells found 
were extremely large and granular a number of them showing extensne hj aline 
degeneration The whole structure gave evidence of an intensive reaction 
Some cells were small, with pyknotic nuclei, others w'ere extremely large, 
newly formed, and atypical (Figs 3, 4 and 5) 

CvsE 2 (A 369414) — A N, man, aged 57, came to the clinic in August, 
1921, on account of intermittent hematuria, of two j'ears’ duration 



Fig 3 (Case 1) — Epithelioma before radium treatment, X 350 

Cystoscopic examination re\ealed an area, 2 b\ 2 cm, on the right base 
The growth w'as fiat and meat\, with an irregular surface A portion of the 
tumor W'as removed for examination and 900 mg hours of radium emanation 
in eight tubes was inserted The specimen re\ealed papillarj carcinoma, the 
malignant cells were packed solidh together with onl\ a small amount of 
intervening stroma, the nuclei were large, irregular and prominent, and a 
moderate number of mitotic figures were found (Fig 6) \ second c>stoscopic 

examination fifteen dajs later showed that the mass practical!} had disappeared 

At operation, September 12, an ulcer 4 cm in diameter was excised from 
the bladder wall, which was markedh edematous around the lesion The 
excised ulcer showed onh mfl^mmato^^ tissue, no e\idence of malignance 
was found 

C\SE 3 (^355403) — F K O, woman aged 47 came to the clinic in \pril 
1921 complaining of intermittent frequence and desuria of ten e ears’ duration 
Since 1917, the urmare trouble had been almost constant and sJie had lost 
50 pounds (22 7 kg) m the last eear 
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Fig 4 (Case 1) — Epithelium after radium irradiation, enormousb enlarged 
cells , X 350 



Fig 5 (Case 1) — Epithelioma after irradiation, enlarged cells, vacuolization, 
hyaline degeneration and atypical mitotic figure , X 350 
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Cystoscopic examination revealed two solid tumors on the right side of the 
bladder, one 4 cm and the other 2 cm m diameter Six tubes containing 1,600 
mg hours of radium were inserted in the growth For se\eral days after the 
insertion of the radium tubes, the dysuna increased and a number of shreds 
of tissue were passed 

At operation, seventeen days later, a flat ulcerated area, 3 cm in diameter, 
was found on the right wall and base of the bladder, involving the ureteral 
orifice and penetrating to the peritoneum at one point The area \\as com- 
pletely excised, including S cm of the ureter The remaining portion of the 
ureter was tied and dropped back into the wound The section removed ■was 
markedly ulcerated and fibrous Several emanation tubes i\ere found sur- 
rounded by areas of necrosis and fibrous tissue about 1 5 cm m diameter 
On histologic examination, the growth was found to consist of enormous 
malignant cells, most of which were undergoing granular degeneration The 



Fig 6 (Case 2) — Epithelioma before irradiation, no e\idence of malignant 
cells found at operation after having been treated w ith radium , X 350 

majority of these cells were from fi\e to six times larger than nonirradiated 
cells, man} of them contained large vacuoles The increase in the connective 
tissue elements was only slight in comparison with the fibrous overgrowth 
noted m the other cases (Fig 7) 

C\SE 4 (A 355232) — D C, man, aged 64, came to the clinic in April, 1921, 
with a histor} of urmar} frequencv of three > ears’ duration, and almost con- 
stant dvsuria, with attacks of hematuria of one vears duration 

Cystoscopic examination revealed a mass, 4 cm m diameter on the right 
wall of the bladder, involving an orifice The growth was flat and firm and 
covered with stubbv protrusions One thousand milligram hours of radium 
emanation m five tubes was inserted in the growth On the fourth and filth 
da}s after the insertion oi the radium, the patient lelt drovvsv and had little 
appetite Several davs later a number of piece"- ot necrotic tissue were pas-ed 
with the urine 
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Fig 7 (C.isc 3 ) — Greath enlarged celli. undergoing granular degeneration 
as a result of radium irradiation , X ^50 



Fig 8 (Case 5) — Distinct cellular outlines with destruction of nuclear sub- 
stance following radium irradiation, X ^50 
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At operation nineteen da^s after the insertion of the radium, a small knotted 
extremely fibrous mass Asuth a necrotic surface \%as removed The growth 
involved the right ureter wdiich w’as ligated "nd cut There was a definite 
radium scar directh abov e the growth , possiblj the normal mucosa had 
approximated the tumor and radium emanations at this point when the bladder 
was empty The excised area w>as shrunken, black, and fibrous Three emptv 
emanation tubes w’ere found m the tumor 

Histologic examination revealed almost complete fibrosis, and m several 
areas, especially around the tubes necrosis In a few areas, there were definite 
nests of unchanged malignant cells, well walled off with fibrous tissue 

Case 5 (A 357784) — M K, woman, aged 64, came to the clinic in Septem- 
ber 1921, on account of an almost constant hematuria and djsuria of nine 
months’ duration 

Cystoscopic examination revealed an extensive irregular tumor involving 
the left wall of the bladder and the left orifice Seven hundred and fiftv milh- 



Fig 9 (Case 5) — Condition following radium irradiation marked edema ol 
a highlv cellular epithelioma, X 100 

gram hours of radium in five tubes was inserted in the growth under sacral 
anesthesia 

Twentv-two davs later a tumor completelv involving the left wall was 
resected The left ureter was ligated and cut, and the renal portion left in 
place Coin alcseence w is s'Uisfactorv The tumor which measured 2 bv 

4 cm was flat with a firm ulcer ited surface 

Histologic exammition revealed epithelioma The tumor was markedlv 
edematous with onlv i moderate round-cell infiltrUion Connective tissue 
reaction was verv slight, and the enormous atvpical cells seen m other irradiated 
tumors were absent Most oi the eelK retained their remil iritv oi sire and 
outline but there was widespreid destruction of the mielci which were small 
and shrunken m «ome areas In most sectn ns however the m ilign ipt cells 
were recounired inerelv hv their online as the nuclei were not vi-ibk (I'l^,-- 

5 md 9) 
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Fig 10 (Case 6) — Wedge of fibroblasts separating groups of enlarged degen- 
erating cells, following radium treatment, X450 



Fig 11 (Case 6) —Extreme fibrosis, splitting up and 
degenerating cells, following radium treatment The malignan ce s 
enlarged, and becoming hyalmized m places , X 80 
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Case 6 (A 356999) — F A S, man, aged 67, came to the clinic in April, 
1921, on account of dysuna and hematuria which had been almost constant for 
SIX months 

On cystoscopic examination, a meaty, circumscribed tumor, 3 by 3 cm in 
diameter, was found on the right wall, surrounded by an area of bullous edema 
The growth was flat and circumscribed, and involved the right orifice Under 
sacral anesthesia, a specimen was removed and nine radium emanation tubes 
totaling 1,100 mg hours were planted m the growth approximately 1 cm apart 
Histologic examination of the specimen revealed papillary epithelioma of a high 
degree of malignancy The cells w'ere irregular m size and shape, matted 
together w'lth only a small amount of connective tissue, and contained a mod- 
erate number of mitotic figures 

At operation nineteen days later, a mass 2 5 cm in diameter was resected 
from the bladder, with the right ureteral orifice and 3 cm of the right ureter 
The renal portion of the ureter was ligated and dropped back into the wound 
The specimen removed at operation w'as shrunken and hard Microscopic sec- 
tions showed extensive fibrosis with many areas of exceptionally large malig- 
nant cells as much as three or four times the size of those found in the section 
removed before irradiation These large cells generally showed granular or 
hyaline degeneration, w'lth an occasional markedly atypical mitotic figure 
Numerous small malignant cells with deeply staining shrunken nuclei were 
seen In some areas, fine strands of fiuroblasts passed between the malignant 
cells , in others, thick, fibrous bands, which often followed the connective tis- 
sue remnants of altered papillae, divided the tumor into isolated islands of 
malignancy (Figs 10 and 11) 


COMMENT 

The most striking feature of irradiated tumors is extreme fibrosis 
which produces extensive walling oflf, replacement, and destruction of 
the tumor cells This is preceded by extensive vascularization The 
malignant cells often showed remarkable changes, including many 
unusual division forms, and marked hyaline and granular degeneration, 
the majority yvere obviously incapable of further growth 

In some cases, the radium rays undoubtedly completely destroyed 
the proliferating power of the cells, but, in a number of tumors, nests 
of apparently intact malignant cells were found These cells, generally 
walled off by extreme fibrosis, were, as a result of the exposure to 
radium rays, apparently quiescent at the time of operation Later, 
when the reaction from irradiation had subsided, they undoubtedly 
would have become active again The reactivation of these isolated cells 
might well explain the late recurrences of tumors clinically cured by 
radium On this account, it is advisable to carry out complete surgical 
removal of the tumor-bearing area Frankl and Amreich found that 
radium and roentgen rays exert a profound influence on malignant cells 
as long as forty days after exposure, cells not completely destroyed 

13 Frank!, O , and Amreich, I The Histologic Changes Incident to 
Radium and X-Ray Treatment of Uterine Carcinoma, Surg , Gjnec & Obst 
33 162-163 (Aug) 1921 
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showed various forms of degeneration After a certain period, the 
effect of irradiation subsided, and areas were found in which the cells 
again prolifeiated rapidly and lesembled those present before irradiation 

Surgical procedures should be carried out about two weeks after the 
insertion of the radium tubes If delayed longer, there is fusion of the 
normal cleavage jilanes and extensive edema of the bladder wall that 
inciease the technic.il difficult} of the operation The desirable fibrosis 
and walling off of tumor tissue does not occur until eight or ten days 
after irradiation 

1 he insertion of tubes of radium em.mation is a simple procedure 
which may be done at the time of the first examination The small 
amounts of radium ra} s are slowly discharged, and very little reaction 
IS produced fhc em.ination tubes give off only about 16 per cent of 
their encrg} daily Most tumors of the bladder are superficially placed, 
thrombosis of the blood vessels develops early and there is consequently 
onl} a slight absoiption of necrotic or toxic substances The bulk of 
the giowth sloughs off and is passed with the urine In several cases, 
a few d.ays of general malaise with a slight increase of symptoms 
followed irradiation 

During the jieriod between the insertion of the radium emanation 
and the ojieration, the jiaticnt is given a daily bladder lavage, which not 
only remo\es an} necrotic s’ough but also reduces infection of the 
bladder, which is often present This prebnimary washing limits the 
absorption of toxic substances as do drainage and lavage of the 
bladdei prior to prostatectomy An uneventful convalescence is insured 
and the septic complications which occasionally occur after bladder 
operations are prevented 

Radium has not infrequently been used following operations for 
bladder tumors, but this practice is complicated by disadvantages which 
are not present m preoperative ii radiation In areas recentl} operated 
on, radium rays destroy the newly formed capillaries and prevent 
normal tissue healing Following a resection, the distortion of the 
bladder walls makes it impossible to use radium emanations or to apply 
accurately a capsule containing the radium salt to the involved area 
When used in the contracted bladder after operation, the radium salt 
occasionally produces lesions of the normal mucosa which are extremely 
painful and of long duration 

Emanation tubes were used also in several cases of malignant papif- 
loma, but without satisfactory results Because of the loose structure 
of these tumors, the tubes were not retained m place a sufficient length 
of time to be effective In the majority of cases in which the emanation 
tubes have been used, the patients have been of advanced age, with 
widespread, highly malignant growths requiring extensive operations 
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The efficiency of this procedure of preoperative irradiation will be 
determined only after several years, by comparison of this group of 
cases with a similar group requiring the same extensive operative 
interference At present, it offers an easily applied, effective method 
of radium irradiation that does not reduce the resistance of the patient 
or increase the technical difficulties of a complete surgical removal of 
the tumor-bearing area 


SUMMARY 

Radium rays administered in small amounts definitely destroy the 
proliferative power of living cells The activity of the cell is lessened, 
and it passes through a quiescent stage from which it gradually recovers 
as the effects of the radium wear off In many cases, there is destruc- 
tion of the nuclei which is accompanied b}' an atypical cell growth and 
vascularization, and later by fibrosis 

At the Mayo Clinic, the flat, infiltrating, rapidly recurring type of 
b’adder tumor is exposed to radium before operation in an effort to 
reduce the activity of the malignant cells and prevent operative trans- 
plants and early postoperative recurrences Tubes of radium emana- 
tion are inserted through the direct cystoscope into the substance of 
the tumor, which later is removed surgically Specimens for histo’ogic 
study are removed from the tumor before irradiation, and their 
histologic structure is later compared with that of the surgically 
removed area In the majority of cases, there is a marked reduction in 
the size of the tumor, with a widespread and constricting fibrosis 



LEUKOPLAKIA OF THE KIDNEY PELVIS 

lIERiMAN L KRETSCHMER, MD 

CHICAGO 


In a former pajjer on tlic subject of leukoplakia of the urinary 
organs, I reported a case of leukoplakia of the bladder and lower end 
of the ureter At that time, a careful reMcw of the literature was 
made and a brief summary was given of the histones of forty-four 
cases that I was able to find in the literature at my command, making a 
total of forty-five cases 

During the past year, two publications have appeared in which two 
new cases were reported, one by' Richey - of Pittsburgh and one by 
Marion of Pans Richey'^s case occurred in the kidney pelvis, and, 
in Mai ion’s case, the bladder was the seat of this unusual change 
Marion’s case also showed the presence of epithehomatous degeneration 

Several years ago. Pollack •* reported a case of leukoplakia of the 
kidney' .ind one of the bladder which were not included in my' previous 
jiaper These two reports, with the two cited and two cases about to 
be rejiorted, make a total of fifty'-one cases 

In my' former paper the following conclusions were drawn 

1 Leukoplakia is a rare condition 

2 The etiology is unknown 

3 The histopathologic findings appear to be uniform and constant 

4 There is no symptom or syndrome by means of which the condi- 
tion can be diagnosed 

5 The presence of large quantities of squamous epithelial cells 
in the urine from the bladder and from the kidney after ureteral 
catheterization, and the passage of pieces of membrane or flakes of 
squamous epithelial cells are very valuable findings in making the 
diagnosis 

6 By means of careful cystoscopic exanunation, leukoplakia of 
the bladder can be definitely recognized 

The first case of leukoplakia of the kidney pelvis herewith reported 
came under observation. Sept 21, 1920 A nephrectomy was per- 
formed for a right-sided renal tuberculosis The presence of leuko- 
plakia was not discovered until after the removed kidney was cut open 
and the pelvis exposed 


1 Kretschmer, H L Surg , Gynec & Obst 31 325 (Oct ) 1920 

2 Richey, DeW G J Lab & Chn Med 5 635 (July) 1920 

3 Marion, G J d’urol 9 257, 1920 rr u . 

4 Pollack Beitrage zur Metaplasiefrage, Wiesbaden, 1901, Ueber noc en 

bildung in der Lunge, Virchows Arch f path Anat 165 No 1 
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REPORT OF CASES 

Case 1 — Histoiy — Mrs G, aged 40, three jears before coming under obser- 
vation was operated on because of bladder distress A tumor was removed 
from the right ovar'N and half of the left o%ar}^ was removed The symptoms 
were not relieved by this operation 

Three weeks ago the patient was subjected to cjstoscopic examination else- 
where, and a diagnosis of multiple ulcers of the bladder was made The onset 
occurred about four years ago, with practicallj constant symptoms Following 
the operation there was some relief of S3mptoms for about two months 
The patient voided about ever3' hour during the day and five or six times in 
the early part of the night, and then at longer intervals as the night progressed 
The pain was located in the bladder and was present during and after urination, 
being worse when the bladder was full It was aggravated when the patient 
was on her feet and w'as relieved by rest and alkaline treatment Urgency 
had been present ever since the onset of trouble If the patient did not have 
the opportunit3 to void immediatel3 on ha\ing the desire, the urine escaped 
This was because the pain m the bladder became so intense that she seemed 
to lose control Shortly before operation, the patient noticed clots of blood 
in the urine, but no blood was ever seen until about two months ago, when 
the urine was red and contained clots Tenesmus has been present since the 
onset of S3'mptoms Long shreds of fleshlike material were occasionall3' seen 
in the urine 


Results of Urinl Examix ation 



Cell Count 

Cultures 

Urea 

Tubercle Bacilli 

Bladder 

70 cells 

Staphylococci 

025 

Positne 

Right kidney 

■120 cells 

Sterile 

04 

Positne 

Left kidney 

Red blood cells 

Sterile 

045 

Negative 


Exammatton — Roentgen-ray examination was negatne for stone in the 
kidneys, ureters and bladder C3'stoscopic examination. Sept 23, 1920, revealed 
a bladder capacity of 2 ounces (592 cc) C3Stoscop3 w'as ver3 painful 
Near the air bubble was seen an area of superficial ulceration surrounded by 
a zone of hyperemia Adhering to the surface of the ulcer was a shred On 
the posterior wall, a similar ulcer w’as seen The ulcers were about half the 
size of a finger nail The right ureteral orifice w as slightly edematous , and a 
great deal of difficult3 wms experienced m passing the catheter up the right 
ureter Five catheters were used and all stopped 1 cm up Finally a small 
No 4 catheter w'as passed Urine from the left side was clear, but in the 
urine from the right side there were a few- specks 

OpeiaUon — Dec 9, 1920, under ether anesthesia, the usual right lumbar 
nephrectom3' was performed The patient made an une\entful reco\er3 

Description of Gross Specimen — ^The kidne3' was about normal in size and 
color The capsule stripped easib", lea\ing a smooth regular surface, with the 
exception of two areas One area about 2 cm m diameter, on the posterior 
superior aspect of the kidne3, was \er3 slightl3 sunken It was of a 
darker color On close obseri ation, small 3ellowish or graiish tubercles the 
size of a pinhead, could be seen There was a similar area, 1 cm in diameter, 
on the medial surface Sections of these areas show ed the cortical markings 
to be destr03ed and the process to extend in a wedge-shaped mass down to 
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tile caliccs In it were a number of gray or jcllowish hard tubercles, the size 
of a pinhead, from winch tubercle bacilli were obtained on direct smear The 
caliccs invohcd had lost their normal, smooth, glistening appearance, were 
very irregular and contained yellowish white elevations, varying in size from 
that of a pea to that of a pinhead Otherwise the cortex and medulla appeared 
to be normal 

The upper part of the pchis was normal and had a gra}ish white glistening 
appearance (Fig 1) On the lower part, about the ureteral outlet there was 
an area measuring 2 cm by 15 cm, extending down the ureter for IS cm, 
^cr\ sharpl} demarcated from the rest It was of a slate or bluish-gra\ color, 
becoming purplish down the ureter, where it abruptly ceased and normal ureteral 
lining began The borders were sharph outlined but \ery slightly elevated 
The surface was rough, thrown into irregular folds, and on it w'ere collections 
of cells resembling cholesteatomas The ureter was not thickened or hardened 

Casi 2 — Ht^loiv — L B, a man, aged 26, entered the United States Vet- 
erans’ Hospital No 76 comiilaming of pain in the bladder region, hematuria, 
frcqnenej, urgcnc\, tenesmus and pain in the right side of the abdomen in the 
region of the right kidnej The present illness began m 1918, following an attack 
of mflncnza while in ser\icc in France At this time, some clots of blood w'ere 
noticed in the urine, this condition lasting for several davs At the time of 
admission to the hospital, bright red blood was present at the end of urination 
Pain in the right side of the abdomen was of a dull aching character and 
general 1) it was relieved b} taking a cathartic These attacks of pain occurred 
once or tw ice a month and lasted for three or four days 


Exomiuatwn — Phjsical examination was negative Roentgenograms showed 
the right kidntj outline low and apparent!} very much larger than normal The 
outline of the upper pole was not seen in the roentgenogram No stone shadows 
were present Qstoscopic examination rev'ealed no signs of stones or tumor 
Near the apex of the bladder was an area of ulceration surrounded by a zone 
of h>percmia The surface of the ulcer w’as covered by a slough There was 
a second similarly shaped ulcer behind the right ureteral orifice Ureteral 
orifices were normal and were easil}’’ catheterized Specimens of urine obtained 
from the right and left catheters were sterile on culture A few pus cells were 
noted in the urine from the left kidney Examinations of the urine for tubercle 
bacilli were negative The phenolsulphonephthalein test showed an output of 
41 per cent from the right kidney in two hours and 36 per cent from the 
left kidney A p}clogram revealed the presence of a large hydronephrosis on 
the right side 

Opoatwn—Fcb 25, 1922, the usual oblique lumbar incision was made over 
the right kidney area Delivery of the kidney was difficult because of the short 
pedicle and the large size of the hydronephrotic kidney The pelvis was 
isolated , the ureter was divided at the pelvic brim and the kidney was removed 

Postopeiatwe Cowse—Ten days after operation the patient developed 


phlebitis of the left leg 

Descnpiton of Gioss Specimen — The specimen consisted of a large hydro- 
nephrotic kidney, about 7 inches (17 8 cm) long, the surface of which was 
irregular The pelvis was 2% inches (7 cm) wide and SVs inches ( cm 
long The ureter and pelvis of the kidney were opened , the mucosa was 
In the posterior wall of the kidney pelvis was seen an area two-t ® ^ 

(17 mm ) long and one-fourth inch (6 4 mm ) wide which stood out i 
contest ,o the rest of the k.dney pelv.s It was dull wh.t. and presented a 




Fig; 1 — 1 ttrc arti ot kukoplakn in tin. pcKis whicli pisses flown into the 
ineUr where it eomts to in ihriipt stop 
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dry, lusterless appearance The gross appearance was that of leukoplakia The 
rest of the kidney showed an enormous amount of dilatation A small piece 
was excised for histologic study Examination demonstrated stratified squamous 
epithelial cells This area of metaplasia occupied the posterior wall of the 
lelvis and was situated inches (317 cm) above the ureteral opening 


COMMENT 

Metaplasia is the postnatal production of specialized tissues from 
cells which normally produce other kinds of tissues and is an adapta- 
tion, on the part of the cells, to an altered environment (Adami and 
McCrae It may occur either as a physio’ogic or a pathologic process 
I am of the opinion that we are inclined to forget that metaplasia 
occurs as a physiologic process As an example of this type of meta- 
plasia may be mentioned the conversion of cartilage into bone, as well 
as the conversion of connective tissue corpuscles into fat cells An 
important point to lemember is that epithelial tissue can be trans- 
formed only into epithelial tissue and mesoblastic tissue only into other 
forms of mesoblastic tissue 

Heterotopia should not be confused with metaplasia, the former 
consisting of the abnormal snarmg-oft of cells of an organ from the 
organ proper and its subsequent growth in another place Two forms 
of heterotopia are generally recognized — congenital and acquired 
Aberrant suprarenals and accessory spleens may be mentioned as 
congenital types, and bony growths from displaced periosteum as 
examples of the acquired types Therefore, in heterotopia there is no 
transformation of tissue 

Likewise, metaplasia should be differentiated from heteroplasia, 
which, according to Adami and McCrae, is the condition in which we 
find, in the middle of the esophagus, normally lined by squamous 
epithehum, islands of columnar epithelium, similar to epithelium in 
the stomach No conversion has occurred from one type of epithelium 
into the other, there is merely a persistence of misplaced tissue 

Another condition which lies outside the discussion is the growth 
of one tissue to push back the normal tissue and to replace it Accord- 
ing to McCallum, this occurs, for example, when the skin about a 
healing tracheotomy wound grows through the opening and extends 
inward, so as to line the trachea for a short distance I once saw this 
occur in the urinary bladder in which a suprapubic fistula had been 
present for several years 

Many are the views that have been advanced from time to time to 
explain the occurrence of metaplasia, but the real etiology of this 
condition is unknown The presence of calculi in the bladder in a 

5 Adami, J G , and McCrae, John Textbook of Pathology, Philadelphia, 
Lea & Febiger, 1912, p 202 
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few of these cases has led a number of authors to believe that stone may 
be a factor m the causation of the condition, despite the fact that stone 
IS not always found in these cases Again, there are innumerable 
cases of bladder stone which ha\e never shown the presence of leuko- 
plakia The idea advanced is that a stone or foreign body produces 
irritation and that irritation in turn results in leukoplakia Attention 
has also been directed to similar plaques in the mouth that are often 
encountered in pipe smokers, and it is believed that they, too, are due 
to irritation 



Fig 2 — Large amounts of desquamated squamous cells adhering to the 
surface of the mucosa of the pelvis of the kidnev, the submucosa showing round 
cell infiltration 

Lecene is not inclined to believe that chronic inflarnmaticn is 
responsible for this condition He thinks that the lesion is congenital, 
owing to disturbances in the development of the urinary apparatus 
He states that embryologically it is easy to explain heterotopia of the 
ectodermic cells m the vicinity of the mucosa of the upper urinary 
passages , and the fact that this may occur is sufficient to account or 
the lesions of leukoplakia 
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Halle asserts that chronic inflammation, simple or calculous, may 
produce an epithelial transformation in the mucosa of the urinary tract, 
the normal covering being transformed into stratified pavement epi- 
thelium with epidermic characteristics 

The same authority in reporting his cases states that study shows 
the influence of chronic inflammation in the etiology of epithelial 
transformations, for, with few exceptions, these patients have an old 
cystitis, or a ureteropyehtis and cystitis due to gonorrhea, stricture or 



Fig 3 — Stratum granulosum abo've which are seen the lamellae of 
desquamated squamous cells 

prosta 1C disease, or a postpuerperal c)'stitis due to catheterization, espe- 
cially in cases in which the condition has been tenacious, and rebellious 
of treatment 

Lichtenstern mentions as etiologic factors, long-continued inflamma- 
tion, foreign bodies, stones, tuberculosis, etc 

Posadas believes that leukoplakia, in most instances, offers a path- 
ologic condition, the origin of which may be traced back to syphilis, 
and when this is found, the benefit from specific treatment is unques- 
tionable He IS of the opinion that if we do not obtain satisfactory 
results with the usual methods of treatment when it is a matter of 
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a decided vesicai aftection with febrile hematuria and the tlirowing off 
of puiulent mucosa, we should try mercurial treatment before pro- 
ceeding to suprapubic cystotomy 

I hat leukoplakia of the kidney pehns may have a congenital origin 
has been mentioned, and to illustrate this fact, the case of Leber has 
been repeatedh cited LebcrS case, it will be recalled, occurred m an 
infant 4 months old, in whom, besides leukoplakia of the kidney, there 
uas also leukoplakia of the eye 

Wells' states that in metaplasia we have what may be interpreted 
as a chemn.il alter.ition due to mechanical stimuli, that is, the forma- 
tion of ker.itin cells uhich ordinarily do not form it 

Cases of metajikisia occurring outside the urinary tract have been 
rc])orted b} ^arIous ob^cn'crs Ha) thorn' has reported a case of 
jirimar^ caicinoma of the lung, arising in a bronchus The lower layer 
of cells remained columnar in l}pe, while the more superficial layers 
^^crc comjioscd of t)pical stratified squamous cells A case of stratified 
squamous-cell carcinoma of the lung with cornification was reported 
h) Cohn'' T)pic<d jiearls were formed in sections of this tumor 
In discussing the question of metaplasia, Lewisohn reported two 
cases of unusual carcinoma, one of the uteius and one of the pancreas 
He considers the question as to whether there is a real metaplasia of 
epithelium, and says “It is conceivable that a typical pa\ement epi- 
thelium cancer of the uterus might originate without such a metaplasia, 
since It IS not far from the paxement epithelium of the portio vaginalis, 
hence there might be a displacement, or even an extension of this pave- 
ment epithe’ium to the uterus But this explanation will hardly hold 
in the case of tumor of the pancreas, since the jjancreas does not be near 
anv tissue of ectodermal origin ” 

Cases in which metaplasia occurred in the epididymis have also 
recently been reported by Cunningham and Ohmori 

ASSOCIATHD KIDNEY PATHOLOGY 

Various associated pathologic conditions have been found in the 
kidneys In one case described in this paper, there was an early renal 
tuberculosis with tuberculosis of the bladder Tuberculosis of the 
kidney was also found m Beer’s case, as well as in the case reported 
by Beselin In my second case there was a large hydronephrosis 

Renal calculus with leukoplakia has been reported by Halle, Chian, 
Pollack •* (Lubarsch’s case) , and m Ronas’ case, there were stones m 
the pelvis and ureter of the opposite side 

6 Wells, H G Chemical Pathology, Philadelphia, W B Saunders Com- 
pany, 1918, p 285 

7 Haythorn J M Research 26 523, 1912 

8 Cohn, quoted by Lewisohn Ztschr f Krebsforsch 3 528, IVU 

9 Lewisohn Ztschr f Krebsforsch 3 528, 1903 
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In Lecene’s case, there was a large infected kidney with retention 
One of Ronas’ patients had a purulent perinephritis , and in Brik’s 
case, there was an associated interstitial nephritis 

DISTRIBUTION 

From a review of these cases it would appear that in leukoplakia 
involving the urinary organs, the bladder is most frequently affected 
This IS evidenced by the fact that in thirty of the reported cases, the 
bladder was the seat of the pathologic condition, and that in only twelve 
cases were the kidneys found to have this lesion In three cases, the 
ureter was affected 

Various combinations of distribution are also to be noted bladder, 
one kidney and one ureter, 1 case, bladder, one kidney and both 
ureters, 1 case, bladder, two kidneys and two ureters, 1 case, urinary 
tract, 1 case, one kidney and one ureter, 1 case, and bladder and 
ureter, 1 case 

RELATIONSHIP TO CARCINOMA 

The entire subject of metaplasia and leukoplakia is interest-ing 
from three points of view (1) as to the various theories that have 
been advanced from time to time regarding the exact method of 
origin, (2) as regards the various etiologic factors which supposedly 
produce or aid in producing this condition, and (3) — not the least — 
the relationship that exists between leukoplakia and carcinoma, a 
possibility that has been repeatedly pointed out in cases of carcinoma 
of the mouth developing from these plaques 

The presence of stratified squamous cell carcinoma occurring m 
organs which normally do not contain this type of epithelium is gen- 
erally explained on the basis of metaplasia of the normal epithelium of 
these organs into stratified squamous epithelium and the formation of 
leukoplakia, with subsequent carcinomatous degeneration of these 
patches or plaques 

To conclude, it may be stated, with a considerable degree of 
probability, that stratified squamous-cell carcinoma of the kidney and 
bladder can be explained on the basis of metaplasia with leukoplakia 
formation 
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PRIMARY SQUAMOUS-CELL CARCINOMA OF THE 
KIDNEY AS A SEQUEL OF RENAL CALCULI 

H GIDEON WELLS, MD 

CHICAGO 

An unusual case of renal tumor that has recently come under my 
observation carries so much evidence as to the relation ot trauma and 
tumor formation, as well as to other problems of pathology, that it 
seems worthy of publication It concerns a case of primary squamous- 
cell carcinoma of the kidne)q arising as a sequel of renal calculi 

REPORT or CASE 

Histoiy — A man, aged 57, a tailor, entered the Cook County Hospital, 
June 13, 1921, two weeks before his death, complaining of abdominal pains of 
si\ months’ duration, associated with frequent burning micturition, and a loss 
of about 30 pounds (13 6 kg) m weight There was no history of pain 
characteristic of renal colic, although he said that he had suffered from pain 
over the bladder when he was 20 years old, beyond this there had been no 
previous illnesses Venereal infection and alcoholism were denied He had 
never noticed blood in the urine, although it was turbid 

Eravnttatson — The only positive findings on evamination were these On 
the right side of the abdomen there was a tender mass about the size of a 
coconut, extending from the costal border to 5 cm above the umbilicus 
Roentgen-ray examination revealed the presence of multiple stones in an 
enlarged right kidney The cj^stoscope showed the vesical mucosa congested 
without ulceration Ureteral catheterization showed that the right kidney 
did not function With 1 cc of phenolsulphonephthalein, injected intravenousb, 
the dye showed in the urine from the left ureter in six minutes, but none 
appeared from the right side in thirty minutes The phenolsulphonephthalein 
test, intravenously, yielded 30 per cent in the first half hour and 20 per cent more 
in the second half hour from the left side The urine contained albumin, pus, and 
blood, but few casts A 25 per cent solution of sodium bromid was injected by the 
ureteral catheters, the right side taking 20 c c , the left 10 c c Roentgenograms 
then revealed, on the left side, a somewhat enlarged left kidney with slightly 
enlarged multiple calices , the right kidnev showed a pelvis of irregular shape, 
apparently with escape of the injected tiuid into the substance of the diseased 
kidney The stones seemed to be not onlj in the kidney but also in the 
surrounding soft tissues 

Blood analjsis gave the following figures total nonprotein nitrogen, 3927 
mg per hundred cc , urea nitrogen, 184 mg , uric acid nitrogen, 227, creatinin 
nitrogen, 147 The leukocyte count was 11,8(X) 

Following the ureteral catheterization the patient bad a chill, and he 
continued to grow progressively weaker, usually with a subnormal temperature 
On June 28, under local anesthesia, the right kidney was opened and three large 

^ From the Department of Pathologj, Unnersity of Chicago, and the Otho 
S A Sprague Memorial Institute 
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evtuukd o\ei and in tioiit ot the unal miss .md w is attuhed to the h\ei 
Hid miss In diiise tihioiis .ullusions \ whiti nodule, 1 mi m dniiu u, whuh 
lesmihled i moplasm w is lenunul tioiii the piiitonenm m this iei;ioii \\ hm 
this was mt, it e\ndi.d a whits, iiuiotu, sottened iniiteiial I lieu wsie no 
adlu sums about the spies n oi nallhl idds i 

Chest C.iMti iluie weu no .ihnoimalities 1 hi iiudristmil fluids wets' 
not mlirmd 

lleait \oiti ind Vessels 1 he heiit w is lime in piopoitioii to the weutht 
ot the hods wsmhitm .ihont 'sO um I he soionats sssseK ind then oitlius 
wtie iiornial Huie was no tihiosis ot the iiisoi iidnnn \11 \ ilses weie 
noiinal I he isssiulnm aoiti showsd a tiw siiiill ssllow stii'iks whuh ws'ie 
mors iinmeioiis in the auh thin m the ahdoniin il aoiti Hie Isiiudi inlands 
aioniid tlu ahdomni il aoiti iitio enlamt'd and lotitiniiotis with tlu imlit kidiiei 
miss I 111 intsnoi seiii cis i was tiei tioin thionihi iiid mmpu'ssed somewhat 
with Istiiph blinds hut it was not ouhidsd Hu htt unal smi was soiiipu'sssd 
In Is mi'll ulmds 

Hie tiaslui and ssophupis ws'u hsMli noitnal 

Limits riie lowii poition ot the lutht loss si lobe ss is sluthtls hovtits iiid 
continu'd little an hut then was no soiisoluhition llu'ie was .m exts'iisise 
calsilication of one in;ht penhioiulnal Ismpli itland Hie wemlit ol i uh limn 
ss IS 11X1 i.m Till lossei lobe ot the lett Iniin unit mud smill siibnls'in il 
henioi rhans's and a fess smill shnhtls sonsolidatid iieis oui sshuli tlu pleiii i 
ssas smooth and nlosss Xslloss pus exiidsd tioin the hionshi in this un'on, 
tonetiui with 1 little thud 

Splien I Ill'll will no nmss shanues 

Liser The lisei ssemhid ,2 120 nm 'Hu oinaii is a whole ss is enhiined 
the sin fans ssere lomuUd moist sssollm and sott in loiisistiius lluu was 
no incu ise in loimestisi tissiii Hie nillhliddei ssas iioimal m si e ,ind 
contaiiud no loiicu turns 

Stoniaih Hie stoniuh showed no moss ahnoini ilities Helow the psloiu 
I nut tlu're suu two poiulus oi diseitimla, taih al'ont 1 t mi m si e, m tin 
dnodmal miuosa, with no esideiue of mlkimmation oi nisei ition 
riiuuis I his was noun il 

Kuliu'ss Hie lift kidiiis ss is lautt'i than noiniil, ssmthnut 't\l nm 'iiul 
nuasiiiiiut It's mi loint 7 mi ssidi and 0 mi thuk Hu out in w is son, 
mottlid mil iiunnlai m ontliiu ssith a iionaslluimt i ipsiile whuh w is attulud 
to till tuinenil tissue Hu mt sin fans sliossul an is ot iniikid ilisnituti ition, 
henioiihaite nisi softeniiut with one ihsuss 2 sin in diinutsi, inidsnuitli tlu 
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capsule The cortex was 10 mm thick The pelvis showed no ulceration The 
ureters were of normal si/e and showed no ulceration but contained purulent 
material 

The right kidnej w-eighed 800 gm It measured 21 cm long, 13 cm wide and 
7 cm thick, and it was adherent to the perirenal tissue which was indurated 
and contained seven! abscesses up to 3 cm in diameter The kidney was 
firmly adherent to the perirenal tissue o\cr the entire surface, and about the 
pelvis, extensions of tumor growth had produced nodules and strands of 
neoplasm in the perirenal tissue itself The ureter was complete^ occluded 
at Its junction with the pchis, the lower portion of which was completely filled 
by masses of irregular cancer tissue, about 5 mm thick, surrounding the entire 



Pjg 1 — Sciiiamous-cell carcinoma of the renal pelvis, X showing t e 
infiltration of the submucous tissues bv carcinoma with formation of masses o 
keratin scales The lining of the cavity is formed by stratified epithelium 


pelvis The cut section of the kidney disclosed a complete loss of all 
ni/ablc kidney tissue The organ consisted essentially of a mass of 
communicating cavities directly continuous with the pelvis, some o 
extended to the capsule The surfaces were bathed with 
a few small remains of the original calculus were found l^rhcts, 

cavities were masses of white cancer tissue with irregular 

places covered ev..„ Hood clots The cancer .'-f e 

renal capsule into the perirenal fat in many places The pel 
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rough , but onlj' occasionally was anything suggestive of a papillary character 
to be seen In some places the shell of cancer tissue was only 1 or 2 mm 
thick , in others, masses from 2 to 4 cm thick remained The kidney consisted 
practically of a pus-filled cavity formed by distention and ulceration of the 
renal pelvis, with walls composed entirely of cancer tissue The portion of 
the stones obtained at the operation, together with the fragments found at 
necropsy, weighed 33 gm , air dried at room temperature They constituted 
a t\pical dendritic calculus which had broken apparently spontaneoush into 
three large fragments and four smaller ones When fractured the surface was 
roughly crystalline The external surface was lobulated, roughened, and showed 
some soft deposit on a harder central portion 



Fig 2 — Squamous-cell carcinoma of the renal pelvis, X HO H gher magni- 
fication to show the resemblance to squamous-cell carcinoma of the skin 

The lymph glands around the kidne3' were enlarged, up to 5 cm m diameter, 
by white neoplastic tissue, with most of them showing suppuratne softening 

Suprarenals The left suprarenal was normal, the right \\as infiltrated \\ith 
a white tissue, without much enlargement or nodule formation, apparentlj b^ 
direct extension from the kidne3" 

Bladder The bladder contained a purulent material The mucosa was 
h3'peremic and contained much granulation tissue about the tngon together 
with man3 small hemorrhages but no ulceration or tumor growths Both 
ureteral orifices and the urethral orifice were normal 
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I he prostate, seminal vesicles and testicles were normal 
Skeleton No nictastases could be found The vertebral column showed 
marked exostosis with complete ankjlosis of manj of the vertebral articulations 
Histologic Findinqs—The white neoplastic tissue which renlaced the right 
kidney and many retroperitoneal lymph glands, as well as the tumor nodule 
found in the peritoneum, consisted e\crywdierc alike of typical squamous-cell 
carcinoma charactcrircd by extensne formation of whorls of stratified kera- 
tinized epithelium It differed not at all from the keratinizing carcinomas that 
arc found m the skin or mouth Nowdiere were there structures resembling 
the ordinar\ papillar\ carcinomas of the rcml pchis, or the medullarj transi- 



Fig 3 — Metastatic squamous-cell carcinoma m a retroperitoneal lymph gland, 
X 60 Most of this field is occupied by masses of hormfied epithelium 


tional cell carcinomas In all parts of the tumor growth, both 
secondary, there was acute suppurative inflammation In none of 
examined were any remains of the kidney tissue to be seen e ^ 
suprarenal was partly replaced by carcinoma of the same type as 
the kidney 

The left kidney showed only the usual changes of an acute ascen 

suppurative nephritis ^ organs 

No microscopic changes of present interest were found m the otier o 
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Anatomic Diagnosis — This was right nephrolithiasis, diffuse infiltration 
of the right kidnc}' and perirenal tissues with squamous-cell carcinoma, acute 
suppurative pyelonephritis with complete destruction of the parenchjma of the 
right kidney , recent nephrostomy wound of right kidney with drainage , 
carcinomatous infiltration of right suprarenal, metastatic carcinoma nodule in 
peritoneum , secondar}' carcinoma and suppuration of retroperitoneal lymph 
glands, ascending suppurative nephritis of left kidnej, acute cystitis and 
ureteritis, compression of inferior vena cava and left renal vein, hypertrophy 
of left cardiac ventricle, senile arterial sclerosis, moderate degree, atrophic 
pulmonary emphysema , calcified tubercle in a right peribronchial mph gland , 
acute suppurative bronchitis and early hypostatic bronchopneumonia of left 
lower lobe , acute parenchymatous swelling of liver, and marked exostosis of the 
vertebral column 

Samples of the renal stones were mixed together and analyzed for 
me b} Miss Mary E Maver, who obtained figures indicating an average 
percentage composition as follows 

Ca,(P04) — 70 70, Mg(PO,), 2135, CaCO., 795 

No oxalic acid, uric acid, xanthin or silicic acid was present 

This is, then, a phosphate calculus, which is an unusual type of 
concretion to be found in the renal pelvis There is a current state- 
ment in the literature to the effect that renal calculi are ordinarily com- 
posed chiefly of uric acid or urates , but more recent writers have 
reported that calcium oxalate is usually the clnef component Row- 
lands ^ found that twenty-two renal stones were composed almost 
entirely of calcium oxalate, phosphates were commonly present, and 
uric acid was absent or was found only in traces Max Kahn - analyzed 
sixteen stones and found from 29 5 to 94 7 per cent of calcium oxalate, 
from 0 2 to 40 6 per cent of uric acid, from 2 1 to 56 2 per cent of 
phosphorus pentoxid, and no carbonate Only two of these stones con- 
sisted chiefly of phosphate, and only two had much uric acid (40 6 and 
23 6 per cent), while all but three had more than 70 per cent of cal- 
cium oxalate 

Such calculi as the one m this case, composed chiefly of a mixture 
of calcium and magnesium phosphate, ordinarily indicate the presence 
of long-continued ammoniacal decomposition of the urine Under 
such cases these salts may precipitate on a previously existing urate 
concretion, and the urates in time may dissolie out and be replaced by 
phosphates, constituting the process of “metamorphosis” of calculi ^ 

1 Rowlands Biochem J 3 346 1908 

2 Kahn Max Stud^ of the Chemistrj of Renal Calculi '\rch Int Med 
11 91 (Jan ) 1913 

3 Wells H Gideon Chemical Pathologj, Ed 4 1920 p 461 
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DISCUSSION or LITERATURE 

The infrequency of tumors of this sort is indicated by the follow- 
ing statement made by Ewing ■' in his work on neoplastic diseases 

Squamous-cclI carcinoma of the pchis was described by Kundrat m 1891 
and later cases ha\e been reported by Rtindlc, Graiipncr, Kischenskj, Beisenbruch 
and Schecl These remarkable tumors are iisualb of large sire w'hen discmered, 
but Battle observed squamous changes in a small \illous tumor of the pelvis 
and Rundle found the upper ureter invaded bv a squamous carcinoma of 
moderate dimensions In other cases the pehis has been distended and the 
wall infiltrated br a Inilki growth The kidnc\ is either transformed into large 
c\sts b\ h\ droncphrosis or infiltrated and destroyed The squamous changes 
arc \cr\ pronounced and much of the growth ma\ be composed of epithelial 
pearls, mau\ of which are hornified or calcified In Sdimorl’s case, distant 
metastascs showed the same structure Tint the pehic and ureteral epithelium 
IS capable of cMensnc cpidcrmiration is well attested the reports of Wendel 
of numerous cases of leukoplakia, usualh associated with calculi Rokitansky 
described a \er\ adraiiccd condition, with much scab desquamation, as “choles- 
teatoma ’ Ziegler found marked cpidcrmiration in pichtis calciilosa, and Beselin 
reported an adxaticcd case with tuberculous pyelitis let all cases are not 
associated with calculi or leukoplakia, so that the excessue hornification must 
be regarded as a tendenej inherent in the growth 

In a case studied b\ the writer m a woman of 58 years, the kidney and 
tumor measured 14 In 19 cm The tumor involved chieflj the extrapelvic fat 
but had occluded the lower half of the pchis, along wdiich it in\aded the kidney 
The renal cortex was thinned out o\cr se\eral large smooth-wmlled evsts The 
ureter was destro\cd down to the bladder There were metastases in aortic 
and mesenteric nodes and in the uterus The mam bulk of this large tumor 
was composed of hornified and slightly calcified epithelial pearls surrounded by 
a moderate number of spindle or cubical granular epithelium The transition 
from one to the other type of '-''11 was \cr\ sharp 

Kaufmann says “Squamous epithelial cancers occur, which some- 
times follow epidermoid transformation of the mucosa, eg, as a 
result of concretions In one such case m Basle the renal pelvis con- 
tained a large branching stone (oxalate nucleus with calcium salt 
mantle) weighing 93 1 gm ” 

The case reported by Kischensky ® resembles my case m many 
respects, especially in the complete replacement of the entire kidney by 
squamous-cell carcinoma , it also extended into the liver and diaphragm 
and produced metastases in the regional lymph glands and in the right 
knee There was not only squamous-cell cancer tissue, but also areas 
of transitional and cyhndnc epithelial growth, and papillomatous 
formations In addition to the hornification there was considerable 

4 Ewing, James Neoplastic Diseases, a Textbook on Tumors, Ed 1, Phila 
delphia, W B Saunders Company, 1919, pp 743-744 

5 Kaufmann Spezielle path Anat , Ed 6, 2 877 

6 Kischensky Ziegler’s Beitr 30 348, 1901 
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calcification However, in this case no concretion was present He 
gives a full discussion of the literature on tumors and metaplasia of 
the renal pelvis to that date 

While squamous-cell cancers of the kidney are rare, as a matter of 
fact, any type of epithelial tumor seldom arises m the pelvis of the 
kidney, for in 1921 Miller and Herbst^ in reporting a case of papillary 
tumor of the pelvis mentioned only fifty-three others as previously 
reported Metastases were observed in fifteen of these cases 
Kretschmer,® m 1917, reviewed the literature on “Primary Non- 
papillary Carcinoma of the Renal Pelvis,” of which he found forty- 
three cases, including one of his own In eleven cases there were 
found, associated with the tumor, renal stones Necropsies were 
secured m but nineteen cases, with metastases found most frequently 
in the liver (eight cases), and in five cases there were osseous 
metastases He makes no particular reference to the question of 
hornification, and from his abstracts of the case reports it is not possible 
to determine this matter exactly, since the terms pavement epithelioma 
and epidermoidal cancer are used vaguely Apparentl}"^ only about 
five cases were definitely keratininzmg squamous carcinomas, and in 
three of these renal stones were found The cases described by Kauf- 
mann and Ewing were not included in Kretschmer’s summary In 
all, I have found eleven cases of squamous-cell carcinoma of the renal 
pelvis sufficiently thoroughly reported to be unquestionable In these 
the presence of calculi is mentioned in six 

A case reported by Primrose ” is particularly interesting since it 
arose m the pelvis of a horseshoe kidne)' with calculous pyonephrosis 
Unfortunately, necropsy was not obtained and only the observat’ons 
made at operation are recorded 

Recentl} Scholl has reported six cases of squamous-ce’l carcinoma 
of the urinary bladder, in only one of which did stone occur In 
reviewing the literature on the topic he discusses also cases of 
squamous-cell carcinoma of the renal pelvis He states that in 195 
tumors of the kidney observed at tbe Mayo Clinic there was only one 
squamous-cell carcinoma of the pelvis of the kidney , but he does not 
mention whether there was or was not a stone present This is pre- 
sumablv the case recorded, but not full} described, by Wilson’^ 

7 Miller, E lit , and Herbs! R H Paplllar^ Epithelioma of the Kidney 
Pehis J A M A 76 918 (April 2) 1921 

8 Kretschmer, H L J Urologj 1 405 (Aug) 1917 

9 Primrose A.lexander Scjuamous-Cell Carcinoma of the Kidnt\, J \ 
M A 75 12 (July 3) 1920 

10 Scholl A T Jr Squamous-Cell Carcinoma of the Urinar\ Bladder, 
Arch Surg 3 336 (Sept) 1921 

11 Wilson, L B Collected Papers of the Ma-\o Clinic 1912 p 303 
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Scholl also makes the following statement 

Leber reports the case of an jnfant of 4 months in whom the epithelial 
lining of the pelvis of the kidney was composed of many layers of cells showing 
cornification , a similar condition w'as found in the infant's eye This case 
suggests a congenital origin Lectne holds that the process in these cases 
is due, not to chronic infiamination, hut to dcv'elopmental changes in the genito- 
urinary tract Wilson suggests that epidermoid growths of the pelvis of the 
kidney may be due to inclusions of ectodermal cells carried from the rectum 
to tile kidney by way of the cloacal wall 


The last suggestion is, of course, purely hypothetical The frequent 
existence of metaplastic changes in the urinary tract from chronic 
irritation and the fact that chronic irritation usually precedes squamous 
carcinoma m the urinary tract pro\ides adequate explanation for such 
cases as have been observed 

As to the fiequency of squamous-cell carcinoma in the urinary 
bladder, Scholl quotes the statement of Geraghty that in 180 epithelial 
tumors of the bladder at Johns Hopkins Hospital there was but one of 
this type At the Mayo Clinic, however, there were found in 333 
neoplasms of the bladder the six cases of squamous-cell epithe’ioma 
which Scholl describes Among 113 bladder tumors studied by 
Buerger there were fi\e squamous carcinomas 

In their review' of the comparative pathology of renal tumors Slye, 
Holmes and Wells” mention onl} the following cases in which 
squamous epithelial growths hav'e been observed in the kidneys of 
lower animals “Baird” has reported a case of keratinizing epi- 
thelioma in the kidne) of a fowl, and Borrel and Masson ” have also 
described a renal tumor m a fowl which show'ed both cylindrical and 
squamous elements ” 

SIGNIFICANCE OF METAPLASIA 

The occuirence of metaplasia m the urinary tract has been 
described especially often, presumably because the transitional 
epithelium has to undergo less alteration to pioduce squamous 
epithelium than does the columnar epithelium of the bronchi, uterus 
and the gallbladder, where metaplasia has been occasionally observed 
Richey ” has recently discussed the topic of metaplasia in the renal 
peh IS in some detail, and makes the following statement 

That leukoplakia may be the predecessor of carcinoma is indubitable Osier 
states that 20 per cent of leukoplakia of the tongue becomes carcinomatous, 


12 Buerger, L Surg, Gvnec & Obst 21 179 (Aug) 191b 

13 Slye, Holmes and Wells J Cancer Res , to be published 

14 Baird, A T J Cancer Res 2 103 (fan) 1917 

15 Borrel and Masson Bull de I’ass frang p 1’ etude du cancer, 

4 172, 1911 . .r , ^ lovn 

16 Richey, DeW C J Lab & Clin Med 5 635 (July) 1920 
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while Albarran, Barker, E^\lng and others indicate that leukoplakia in any 
organ should be watched carefully for malignancj, often being, in the absence 
of earlj carcinoma, \erj suspicious of precancerous changes Morns collected 
twenty-seven cases of tumors originating m the kidnej" pel\ is, of w h ch ten 
were malignant, while recently Kretschmer was able to gather fortj -three 
instances of nonpapillary carcinoma of the renal pehis, including tw'ent3-one 
of apparent transitional or squamous tj'pe The former author states that the 
most frequent form of carcinoma is transitional or squamous-cell, pointing out 
that long-standing irritation may lead to the transformation of the renal 
epithelium to an epidermic character, with a resultant leukoplakia which may be 
the starting point of squamous-cell cancer 

The formation of metaplastic squamous epithelium brings forward 
two puzzling topics, one chemical, the other embryologic The chem- 
ical peculiarity is that squamous epithelium is characterized b}^ the 
formation of keratin, which is a definite chemical compound, formed 
normally, as far as is known, only by cells of ectodermal origin, includ- 
ing the neurokeratm of the central nervous system When cells of 
endodermal origin, such as those lining the gallbladder, or those of 
mesodermal origin, such as those lining the renal pelvis or the uterus, 
take on the function of forming this peculiar, insoluble, sulphur-rich, 
indigestible protective chemical, keratin, they have assumed a chemical 
function which seems to be far removed from their normal capacity 
Hence we must conclude that metaplasia involves not only a mor- 
phologic but a chemical transformation m the cells 

For tumor patholog}' another problem arises When cells assume 
the proliferative activity that is characteristic of malignancy, they 
usually lose their more recently acquired functions and retain chiefly 
the simple vegetative function of proliferation But when a transi- 
tional or columnar epithelial surface becomes squamous through 
metaplasia, and the same protracted irritation that produced the 
metaplasia continues until cancer results, we find that the newly 
acquired property of forming keratin has become fixed and the cancer 
IS a keratinizing, squamous-cell carcinoma One would expect the 
epithelium to approach its original, simpler embryonal character, rather 
than exhibit and retain so profound and recently acquired an alteration 
as the production of keratin 

so MM ^RY 

The formation of keratinizing squamous-cell carcinoma in the renal 
pelvis IS a rare occurrence In the case reported, which is of this 
sort, the metaplasia of the transitional epithelium to the squamous 
form was apparently the resuU of chronic irritation from renal con- 
cretions 



SCOLIOSIS ACCOMPANYING CHRONIC INFECTED 
OPEN PNEUMOTHORAX ITS CAUSATION 
AND CORRECTION =»- 

FRASER B GURD, BA, MD 
Assistant Surgeon to the Montreal General Hospital 

MONTHPAl , CANADA 

Long-continued suppuia.lion of large cavities in open pneuinothorax 
IS followed by a deviation of the spine to the healthy side During 
the last two jeais, I have had an unusual opportunity to study this 
type of case ’ As a result of these observations, I believe it has been 
demonstrated that the cause of the scoliosis in these cases is pressure, 
due to the ribs on the diseased side, pi oof of which is afforded by the 
cflccl of extensive thoracotomy m correcting the deformity 

When the lung is firmly held in a collapsed state by the dense 
cnvelojnng membrane, wdiich develops in long standing cases of large 
empyema cavities, nature attempts to obliterate the dead space by 
approximating the chest w'all to the fixed lung The anterior extremities 
of the ribs fall, making their horizontal direction more vertical, the 
intercostal spaces become obliterated, and m very long standing cases, 
such as the case described herewnth, the ribs overlap one another The 
shoulder on the affected side drops fiom 2 to 4 cm , or more, and the 
middorsal and the low'ei dorsal spine are pushed over to the unaffected 
ride In this W'ay a w'^ell marked scoliosis, with its concavity toward 
the affected side of the chest, is pioduced The deviation of the 
spinous processes from the midline may be 3 cm , or more 

In pei forming decortication, or pneumolysis, in a senes of long- 
standing cases, I have found it necessary to employ, in several cases, 
a very extensive form of thoracotomy, m order to obtain an adequate 
exposure of the thoiax As a concomitant of the favorable results of 
this operation, it has been noted that the scoliosis, which was present 
in these cases prior to operation, is either entirely corrected or much 
improved 

If a simple intercostal thoracotomy is performed, normal alinement 
of the spine is dependent on return of the affected half of the chest to 
full function This, at best, must be slow, and it is difficult to imagine 
its possibility in view of the extreme thickness (1 to 2 cm, or more) 
of the parietal pleura, and the intercostal fibrosis present in all the 
more chronic cases 

* Read before the fourth annual meeting of the American Association for 
Thoracic Surgery, Boston, June 6, 1921 

1 Gurd, F B Canad M A J 2 408 CJune) 1921 
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When, on the other hand, a portion of the lower part of the chest 
wall IS removed, and the upper ribs are divided, there is evident at 
once a marked change in the shape of the chest The spine, free from 
the pressure of the ribs, straightens, and the shoulder returns to its 
proper position Both the anteroposterior and the transverse diameters 
of the diseased half of the chest remain less than those of the healthy 
side, but the disfiguring deformity is overcome 

In performing this operation, the incision follows the line of the 
ninth rib from the mi dime or anterior axillary line, backward to the 



Fig 1 — A, marked deformity and discharging sinus through the left breast 
III patient B C , B, diagrammatic drawing on photograph, showing marked 
reduction in size of left half of chest, together with lateral curiature of the spine 


angle of the scapula, where it curves upward to about the level of the 
spine of the scapula and ends midway between the scapula and the 
spinous processes From 10 to 15 cm of the eighth and ninth, and 
occasionally of the tenth rib, are removed, together with the intervening 
intercostal tissues, and the underlying thickened parietal pleura The 
remo\al of this portion of the wall permits manual, and, to a limited 
extent, visual exploration of the cavit}--, and provides for the introduc- 
tion of tubes for the subsequent use of discontinuous irrigation with 
surgical solution of chlorinated soda (Dakin’s solution) As a general 
rule, further operatue interference should not be undertaken at the 
pnmar^ operation 
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Fig 3 — Roentgenogram taken one week after operation showing partia 
correction of deformity, the clear area on the left side of the chest is the site 
of removal of thickened parietal pleura 
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Following this partial thoracotomy, discontinuous irrigation of the 
cavity should be carried out for two or three weeks, then the second 
stage of the operation should be undertaken At the second operaticn, 
5 or 7 cm of the seventh rib is excised, and the sixth, fifth, fourth, 
and, occasionally, the third, ribs are sectioned I have not found it 
necessary or desirable to cut the first two ribs, although that would 
probably correct more completely the lateral curvature Such an 
exposure permits satisfactory mtrathoracic operation in the most 
densely walled chests, and is followed by straightening of the spine 



Fig 4 — Roentgenogram (B C ), taken one month after operation, showing 
increase in the size of the left half of the chest, as well as almost complete 
correction of the deformity 

I have usually employed para\ ertebral procain anesthesia, assisted 
from tune to time during the operation by light chloroform anesthesia 

The case reported herewith exemplifies the usefulness of decortica- 
tion m obliterating the open pneumothorax, arresting the suppuration, 
and correcting the scoliosis 

Rri’( KT or c\si: 

/7k/om — B C, woman, aged 23 was admitted to the Montreal General 
Hospital, Sept 27, 1920 Since Ma\, 1916 she had had a left sided cmp\taia 
which upon three occasions had ruptured spontaneousb Two sinuses in the 
lower part of the chest were healed at the time of admission hut a moderate 
purulent discharge poured from an opening through the left breast sumted 
aho\e and toward the midline from the nipple She had lost 55 pounds (25 l-g 1 
and was \er\ emaciated and weak although able to walk about 
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Cxamviatiou —The temperature varied from normal to 1006 F The oulse 
iV nnr' t ° examination revealed white blood Lis 

pounds "(47 kg) ’ '’"'"°eIoI)in, 80 per cent She weighed 104 

The iKart was displaced completely to the right side of the chest, the apex 
)eat being palpable below the right nipple Physical and roentgenologic exam- 
ination indicated a complete caiity of the left chest 



Fig 5 — Roentgenogram (B C ), taken one month after thoracotomy and pul- 
monary decortication, showing clearly the tendency of the ribs on the affected 
side to overlap one another following section 


A marked deformity was present The left side of the chest was flattened 
both in front and behind , the axilla was depressed , the shoulder drooped, and 
there was a marked lateral deviation of the spine, with convexity to the right 
The right side of the chest appeared fuller than normal, and respiratory 
movements were absent on the left side The spmous processes deviated to 
the right, between 5 and 6 cm from the midline 
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Opeiattoii — September 30, an incision, 15 cm long, was made o\er the ninth 
nb m the axillary line The ribs overlapped one another by one-third of their 
width, 9 cm of the eighth, ninth, and tenth ribs ivere resected The parietal 
pleura was extremely dense and hard, and was approximately 2 cm thick The 
cavity, which contained about 40 cc of foul, thick pus, was freely exposed 
There was no lung m the left side of the chest, and no respiratory or card ac 
movements could be felt Owing to the marked deformity of the chest, the 
whole left half of the thorax was small A few adhesions crossing the canty 
were broken down, and the surface cleaned with gauze Two Carrel tubes 
were sutured in place, and the wound closed 

Com sc — For two weeks follownng operation, discontinuous irrigation with 
Dakin’s solution was carried out four times a day During the irrigations, the 
patient was placed m such a position that as large an amount of the cavity 
was exposed to the solution as possible For ten days, the discharge was foul 
It then improved rapidl}", and by the time of the second operation it was free 
from odor, although there w'as a moderate amount of purulent discharge on the 
dressings 

Second Opetatwn — Under intratracheal anesthesia, fifteen da3S after the 
prehminarj" operation, the incision made at the last operation was opened, and 
continued upward between the spinous processes and the scapula as far as the 
upper angle of the scapula The scapular muscles and the remainder of the 
latissimus dorsi w'ere cut transversely Four ribs w'ere sectioned upw'ard from 
the medial border of the previous operation, 7 cm of the seventh rib w'as 
excised, and shorter portions of the fifth and sixth ribs The thickened pleura 
was partly excised, to obtain satisfactory exposure, a procedure made neccssar} 
by intercostal fibrous tissue and thickened parietal pleura With difficultj, the 
covering over the lungs was removed completely over the low’er tw'o thirds , abo\ e 
this point it was separated from the lung surface and incised The co\ering 
over the pericardium, and over the greater portion of the diaphragm \ as also 
removed Considerable bubbling occurred from the surface of the lung o\er 
parts wdnch had been torn during decortication Although the patient could 
not be induced to cough, it w'as obvious that the lung was still expansile The 
wound W'as closed by catgut sutures for the muscle, and silkworm-giit for the 
skin Two long paraffin gauze bismuth-iodoform-petrolatum-paste drains were 
inserted in the apex of the cavity and brought out through the lower anterior 
portion of the wound 

Result — The patient stood the operation well For fori\ -eight hours she 
was moderately weak, although her pulse did not rise above 100 per minute and 
the temperature remained practically normal The drains, behind which was 
found about 20 c c of bloody serum, were removed fortj-eight hours after 
operation The wound was allowed to close, and fortv -eight hours later i 
director was passed into the chest Only a few drops of clear serum was 
evacuated At no time, subsequent!}, was there the slightest discharge from 
the wound 

The fourth day following operation the following note was made The 
patient feels strong and is suffering but little discomtort The deformitv of 
the chest has been corrected to a considerable degree Scoliosis is not more 
than 2 5 cm from the midline 

The patient was discharged from the hospital Nov 4 1920 The '.oiind was 
then soundiv healed her general appearance was much improved and she was 



Fig 7 — A, patient, six weeks after operation, showing lack of interference 
with function of the arm , B, posterolateral view showing operation wound 
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able to get about without uuduc fatigue She w'ciglied 107 pounds (48 5 kg) and 
breath sounds of a blowing character were lieard tlirougli the chest, except 
toward the niidline posteriori} 

The left shoulder was practical!} on a lc\cl wnth the right The deviation 
of the spinous processes to the right was less than 2 cm 

Since lea\ing the hosiutal, the patient has been repeatedly examined There 
has been a continuous impro% enient in her general health, although late in 
Jaiuiar} she had an attack of diphtheria There is now. May 30, 1921, moderately 
good expansion of the left side of the chest, and, although it is obvious on 
examination that the left half of the diest is smaller than the right, when she 
IS wearing her clothing the deforniit} is not noticeable She is at present 
engaged at work as a ward maid in the hospital She weighs 129 pounds 
(58 4 kg) 

COM MCNT 

Although in no oilier c.ise have I eneountered such a marked degree 
of scoliosis, in all cases in which chronic infected open pneumothorax 
has persisted for six months or longer, there is marked lateral curvature 
of the spine Ten cases of this kind have been observed m which 
correction of the defoimity has followed extensive thoracotomy In 
one patient, who is still under observation, decortication of the lung 
did not prove successful in inducing obliteration of the cavity, and an 
extensive resection of the chest wall was performed Resection of the 
posterior segments of all the ribs, from the second to the tenth, 
inclusue, was performed This interference has been followed not 
onl}' by correction of the curvature of the spine toward the healthy 
side, but also by a moderate scoliosis projecting toward the diseased 
side, as demonstrated by roentgenograms Apparently, m this case, 
the complete removal of pressure of the iibs upon the spine has resulted 
in de\iation of the spine to the unsupported side 

CONCLUSION 

Chronic infected open pneumothorax if long continued is followed 
by scoliosis Curvature of the spine is toward the healthy side of the 
chest, and is consequent upon pressure exerted upon the spine by the 
contracting ribs on the diseased side 

Correction of the deformity may be accomplished by means of an 
extensive thoracotomy with removal and division of several ribs 
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Bile, ti jiroduct of liver .iction, has a dual nature (1) a secretion, 
a digestive fluid, pi oduced in largest quantities and required most 
abundantly during the periods of digestive activity, (2) an excretion 
formed from the dismtegralion of hemoglobin in the destruction 
of red blood corpuscles, a continuous process m the bod}' economy 
1 he physiologically periodic outflow into the small intestine of a fluid 
continuously produced is maintained supposedly by a reflex mechanism 
between the alimentary canal and the gallbladder, the latter a diver- 
ticulum so to speak, of the extrahepatic passages in which the bile is 
sujqiosedl} stored between the intervals of gastric activity 

In the gallbladder certain changes occui m the composition of this 
storage bile There is a loss of water by concentration, a change in 
color and an inciease in the specific gravity owing to the addition of 
certain mucins and nucleo-albumins Whether these changes are essen- 
tial to the body welfaie or concerned in the expulsion of bile from the 
gallbladdei, it is difficult to say As a reservoir for bile,The gallbladder 
cannot be considered mechanically adapted not only because of its 
relatively small capacity as compaied to the large amount of bile 
secreted but also because of its lack of inherent propulsive power 
Certain featuies of a physiologic chaiactei, howevei, indicate that the 
gallbladder and passages exert an impoitant function as regulators of 
bihary flow, and it is with this featuie that this paper is primarily 
concei ned 

ANATOMIC CCNSIDCKATIONS 

According to Hendrickson ' and Llelly," the gallbladder has a moder- 
ate amount of smooth muscle fibers, not arranged with any uniformity 
in definite muscle layers and coats but rather as a smooth muscle 
complex with fibers running in thiee diiections, transversely, longitudi- 
nally, and obliquely , the greatest number of them run transversel}', that 

1 Hendrickson, W F A Study of the Musculature of the Entire Extra- 

hepatic Bihary System Including That of the Common 

Bile Duct and Sphincter, Bull Johns Hopkins Hosp 9 221-23^, 

2 Helly Die Schliessmuskulatur an den Mundungen der Gal en un 
Pankreasgange, Arch f mikr Anat 54 614, 1899 
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IS, perpendicular y to the long axis of the gallbladder There is a small 
amount of connectne tissue between these muscle fibers, and, as a rule, 
the walls are fairl} well coveied with this muscle complex As a con- 
tractile mechanism, howe\er, it forms quite a contrast to the more 
definite muscular viscera, such as the urinary bladder, stomach intestine 
and uterus 

The wall of the cystic duct has also a plexiform arrangement of 
smooth muscle fibeis, extending m the three above mentioned direc- 
tions, the transverse fibeis pi edommating, with only small amounts of 
longitudinal and oblique fibers That poition nearest the neck of the 
gallbladder has a considerable amount of muscle tissue , but this gradu- 
ally diminishes as the common duct is approached, so that at the junc- 
tion of the cj'stic and common ducts it is of ver}' small amount or 
entirely absent Inside the cystic duct, there is a peculiar configuration 
of the walls described by Heister ® in 1732, and since named after 
him “Heister’s valve,” a “spiial \alve” arrangement whose function 
has been, supposedly, to permit the passage of bile for storage purposes 
into the gallbladder and to allow its release to meet tl e demands of 
digestion Hartmann ‘ made a careful macroscopic examination of this 
valve under water, and Faure ® studied it grossly by making metal 
models These men noted the “bassinet” shape of the cystic duct 
and the angle it made with the neck of the gallbladder They con- 
cluded that It did not have a spiral canal but that the lumen was free, 
with minor constrictions of the walls, producing a series of valvehke 
projections not of constant configuration These leaflets or valves were 
most numerous in the upper portion of the duct The upper two were 
the largest and extended about three-fourths the distance aiound the 
lumen of the cystic duct, so that it would be impossible to catheterize 
the duct without breaking the leaflets , there might be resistance to the 
passage of solid matter but hardly, in normal conditions, to liquids 
Terrier and Dally® supported this description, especially regarding the 
presence of the upper two large leaflets, but found a larger number of 
smaller valves m the lower part of the duct In the specimens they 
examined, the number of leaflets ranged from four to twenty Hen- 
drickson ^ has carefully studied the microscopic anatomy of the cystic 
duct valves According to him, the transverse muscle fibers of the wall 

3 Heister Compendium anatomicum totam rem anatomicam brevissime 
complectens, Ed 4, Nuremberg 1 89, 2 65, 1732 

4 Hartmann Quelques points de I’anatomie et de la chirurgie des voies 
biliaires. Bull Soc anat de Par 66 480, 1891 

5 Faure, J L Quelques points de I’anatomie du canal cystique, Bull Soc 
anat de Par 66 511, 1891 

6 Terrier and Daily Du catheterisme des voies biliaires, Rev de chir 
12 136, 1892 
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of the cystic duct also run around the valves or leaflets m a circular 
direction It is as if the wall of the duct was invaginated at the level 
of the valve and the circular muscle fibers carried out into the fold thus 
produced Most of the longiiudin.d muscle fibers continue down the 
wall of the duct without enleiing the \alve but some of these bend at 
right angles and entei the valve at the proper level The oblique fibers 
did not enter the \alve <ind formed no part of the musculature of that 
structure It is thus seen that the transverse muscle fibers are the 
predominant ones m the vaHes of Hcister These valves near the 
common duct are cer} snndl indeed and ha\e only a few muscle fibers, 
i f any 

1 he hepatic and common ducts are almost alike in microscopic 
anatomy Theie is a ^ery small amount of muscle tissue, with a large 
amount of connectice tissue between them These muscle strands are 
inainl} of the transverse variet} 

1 he duodenal portion of the common duct has, during recent years, 
received considerable attention as the important feature of the mechan- 
ism of biliarj control The presence of some sort of sphincter about 
the orifice of the common duct was suggested by Glisson," as early as 
1681 Ruggero Oddi,'' Iiowever, in 1887 was the first to describe a 
sphincter airangement. uhich to this day is known as the sphincter of 
Oddi After careful study of maceration specimens and micio'^copic 
sections of the duodenal end of the common duct, he described a definite 
and independent ring of muscle tissue about the mouth of the duct, 
entirely separate from the muscle of the intestinal wall through which 
It plunged, some of the delicate muscle fibers of which were reflected 
upon the sphincter’s external surface This sphincter, according to Oddi, 
could be put into spasm by irritation, mechanical or chemical, fiom the 
duodenal side It was able to withstand an interductal pressure of 
675 mm of water, sphinctenc action caused an intermittent flow of bile 
into the duodenum and seemed to maintain a definite pressure in the 
hepatic duct system Oddi also observed the dilatation of the extra- 
hepatic ducts m dogs following the removal of the gallb'adder Oddi 
made no attempt to demonstrate this sphincter muscle m man Hen- 
drickson,^ m 1898, and Helly,- in 1899, confirmed the microscopic anat- 
omy, in man, of the sphincter of Oddi as a special and separate entity 
from the intestinal musculature through which the common duct enters 
at the ampulla of Vater Archibald,^ in 1912 and 1913, verified the 


7 Ghsson, quoted by Hendrickson, W F Footnote 1 u a ! 

8 Oddi, Ruggero Di una speciale disposizione a sfintere allo soocco e 
coledoco, Ann d Univ libera di Perugia Fac di med e chir 2 2^9, 18 

9 Archibald A New Factor in the Causation of Pancreatitis, 

Cong Med, Surg Sect Part II, pp 7-21. 1913, The E-Ter.mentai Produa.on M 
Pancreatitis in Animals as the Result of the Resistance of the Com 
Sphincter, Surg, Gynec & Obst 28 529 (June) 1919 
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action of the sphinctei in maintaining an mtercluctal piessure and 
showed that incision of the sphinctei causes a reduction of the high 
intei ductal piessure from 650 mm to 70 mm of watei, which low level 
persists for many weeks, if not permanently He observed the produc- 
tion of acute panel eatitis by introduction of bile and other substances 
into tbe pancreas under pressures higher than the normal interductal 
piessuies and suggested incision of the sphincter of Oddi as one of the 
steps in the surgical tieatment of that condition Judd and Mann,^® in 
, 1917, by extiipation of the gallbladdei in dogs, demonstrated the great 
dilatation of the extrahepatic ducts aftei cholecystectomy Following 
the operation, the sphincter is evidently conti acted, attempting to main- 
tain the normal interductal piessure The ducts as a consequence 
dilate, and the sphincter, under the continued pressure, becomes 
paralyzed, with ultimate reduction of the interductal pressure 

NERVOUS CONTROL 

Heidenhain,^^ 1861, was the first to make accurate investigation of 
the nervous control of biliary flow By stimulating the spinal cord m the 
cervical region, he obtained an increased flow of bile followed shortly 
afterward by decreased biliary output Contraction of the gallbladder, 
with expression of its bile content, accounted for the increased flow, 
the inci eased pressure in the biliary passages, produced by the contrac- 
tion, acted directly on the secretory cells and caused a decreased 
secretion 

Doyon,^^ 1893, by using the balloon and recorder method, showed 
graphically that the gallbladder underwent spontaneous contractions of 
a rhythmic character By stimulation of the peripheral ends of the 
splanchnic nerves, he obtained a slow contraction of the gallbladder and 
the biliary passages while an inhibiting effect resulted from stimulation 
of the central end Inhibition of gallbladder tone followed stimulation 
of the central end of the vagus nerve He believed that the motor 
fibers reached the gallbladder by way of tbe splanchnic nerves and that 
the vagus nerve carried only afferent fibers from tbe gallbladder 

Courtada and Guyon,^® 1904, evidently accepted Doyon’s conclusions 
regarding the motor mechanism of the splanchnic nerves and limited 
their efforts mainly to stimulating the peripheral end of the vagus 
nerve, from which they obtained definite motor responses They 

10 Judd and Mann The Effect of the Removal of the Gallbladder An 
Experimental Study, Surg , Gynec & Obst 2i 437 (April) 1917 

11 Heidenham Studien des physiologischen Instituts zu Breslau, Leipzig, 
Breitkopf and Hartel 2 82, 1863 

12 Doyon, M Contribution a I’etude de la contractilite des voies biliares, 
application de la methode graphique a cette etude Arch de physiol norm et 
path 5 678-710, 1893 

13 Courtada and Guyon Action motrice du pneumogastne sur le vesicule 
biliaire, Compt rend Soc de biol 56 313 874 1904 
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assei ted tliat they had traced these motor fibers into the gastric 
branches of the \agas nerve along the lesser curvature of the stomach 
and indicated (hat the motoi control of intestine, stomach and gall- 
bladder IS contained in one and the same nerve, the vagus Freeze, 
190S. also obtained rapid rhythmic spontaneous contractions of the gall- 
bladder By stimulation of the splanchmcs, he obtained a variety of 
lesults leading to the conclusion that these nerves contained both motor 
.ind inhibitor} fiheis from the gallbladder but that the motor fibers 
predominated Bambndge and Dale,^'’ IPO'?, also used the balloon and 
recordci method, with modifications, and endeavored to remove a 
number of extraneous factors whicli undoubtedly influenced Doyon’s 
and Freezes conclusions regaiding the motor effect of the splanchnic 
ner\es They seem to ha^e proved in no uncertain manner that 1 
There arc spontaneous rhythmic contractions of the gallbladder 
2 Stimulation of the splanchmcs ah\a}s results m relaxation of thegall- 
ijladder 3 The vagus contains the motor innervation of the gallbladder 


cnnMic\L iroimrNc rcflcx control 
Claude Bernard,'’'’ 1856, was the first to observe the stimulating 
effect of acids upon the duodenal orifice of the common duct, a sudden 
gush of bile into the intestines resulting from such an application 
Heidenhain,” 1861, attributed the sudden gush of bile occurring at a 
certain interial aftei a meal to the stimulating action of the acid and 
chjme upon the biliary papilla, causing a reflex stimulation of the gall- 
bladder Rutherford,^' 1880, observed that the introduction of nitro- 
hydrochloric acid into the duodenum stimulated liver secretion 
Wertheimer also observed, in 1890, increased biliary outflow m case 
acid IS introduced into either the duodenum or upper jejunum Baylis 
and Starling,^” 1902, using purified specimens of secretin (removal of 
dejiressor substance) intravenously, obtained an increased secretion of 
bile quite similar to the pancreatic outflow' Fleig,-® 1904, noted that 


14 Freeze, J A. The Force of Contraction of the Gallbladder and the 
Course of Its Motor and Inhibitory Nerve Fibres, Bull Johns Hopkins Hosp 

16 235, 1905 , 

15 Bambndge and Dale The Contractile Mechanism of the Gallbladder and 

Its Extrinsic Nervous Control, J Physiol 33 138, 1905-1906 

16 Bernard, Claude Logons de physiol exper , 1856, p 429 

17 Rutherford, Vignol and Doods An Abstract of an Experimental 
Research on the Physiological Actions of Drugs on the Secretion of Bile, 

Roy Soc Edin 29 133, 1880 ^ 

18 Wertheimer De Taction et du chloral sur la secretion biliair , 


rend Soc de biol 55 286, 1903 Phvsiol 

19 Bayhs and Starling The Mechanism of Pancreatic Secretion, J Bny 

S’ Seig Du mode d’action des excitants chimiques des glandes digestives 


Arch internat de physiol , 1904, p 286 
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the intravenous injection of blood from an isolated loop of duodenum- 
jejunum into which 0 5 per cent hydrochloric acid had been introduced 
caused a similar increase m bile flow On the other hand, Bainbndge 
and Dale 1905, found no reflex effect on gallbladder contractions when 
0 4 pel cent hydrochloric acid was injected into the duodenum or applied 
directly to the papilla oi even when the papilla was electrically 
stimulated 

Prevost and Binet,-‘ 1S8S, found gieat acceleration of biliary secre- 
tion on mtioduction of peptone into the stomach Doyon,^- 1897, on 
the other hand, concluded that peptone introduced into the stomach 
had an inhibiting effect upon the secretion of bile but caused an expul- 
sion of bile from the gallbladder through vigorous contractions Ascher 
and Barbera,-^ 1904, injected peptone intravenously into dogs with 
permanent biliary fistula and observed increased flow of bile Fleig 
noted also the increase m biliary flow on introduction of peptone into 
the intestine, and since the increase was more pronounced after ligation 
of the cystic duct, he concluded that it was essentially secretory in 
character, produced by reflex stimulation of the liver cells A moderate 
stimulating effect of meat extract upon the biliary flow in animals with 
Pawlow stomachs was noted by Bruno, but quite opposite findings are 
reported by Klodnizka Fleig -® found no acceleration of bile flow on 
injection into the rectum or into the blood stream of meat extracts or 
meat extract solutions of gastric or duodenal mucosa or on intravenous 
injection of blood from duodenal loops that contained in their lumen the 
above named solutions More recently, Rost,^° 1913, working with 
animals with duodenal and biliary fistulas, asserts that he has found 
an immediate discharge of bile as a result of the contractions of the 
gallbladder and a relaxation of the sphincter of Oddi when peptone 
was injected into the open duodenal fistula 

Nasse and Ritter showed that a meat diet called forth a larger 
biliary outflow than a carbohydrate diet and that fat, in small quanti- 

21 Prevost, J E , and Binet, P Recherches experimentales relatives a 
I’action des medicaments sur la secretion biliaire et a leur elimination par cette 
secretion, Rev med de la Suisse Rom 8 249, 313, 368, 1888 

22 Dojon, M , and Dufourt E Contribution a I’etude de la secretion 
bilidire. Arch de physiol norm et path 8 587, 1897 

23 Ascher and Barbera, quoted by Fleig A.rch mternat de plnsiol, 1904, 

p 286 

24 Bruno and Klodnizka, quoted from Babkin Die aussere Sekretion der 
V erdauungs drusen 

25 Rost, F Die funktionelle Bedeutung der Gallenblase Experimentelle 
und anatomische Untersuchungen nach Cholecystektomie, Mitt a d Grenzgeb 
d med u Chir 26 710, 1913 

26 Nasse and Ritter, quoted from Stadelmann Der Icterus, 1897 
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ties, had a stimulating eflect upon the bile flow, which was lacking 
with large! quantities Bidder and Schmidt-' found that continued 
meat diet inci eased the secretion of bile, while a continued fat diet 
diminished the secretion to a level found in starvation The latter 
conclusion was confirmed by Pievost and Binet"^^ m 1888 Rosenberg,^* 
1890, believed that fat possessed a greater stimulating effect upon bile 
secretion than either a piotein oi carbohydrate diet, his observations 
indicated an interval oi periodic secretion of bile at the usual time 
of feeding, the food itself not being a necessary factor Albertom and 
Baibera,'” 1895, concluded that the greatest secretion occurred on a 
protein diet, less on a fat diet and very little or insignificant secretion 
on a carbohydiate diet On a mixed diet, the ultimate biliary effect 
depended upon the predominant constituent, the duration of secretion 
was, houever, longest on a fat diet, shorter on a meat diet and very 
short on a carbohydrate diet On a mixed diet the duration of secretion 
also depended upon the amount of fat and piotein present They also 
observed that while the amount of bile secreted during starvation 
diminishes to a marked degree, theie is never a complete cessation of 
secretion e^en up to the time of the death of the animal 

Schiff,'"’ 1870, and latei Rosenberg,-® 1890, noted that introduction 
of bile into the alimentary canal was followed by an augmented flow 
of bile of inci cased concentration in contrast to the usual diluted bile 
produced by the action of ordinary cholagogues This led him to 
infer that the bile was absorbed and re-excreted as a whole, thus forming 
a continuous cii dilation of bile, as it were, between the intestine and 
the liver Socoloff,®^ 1875, was led to believe otherwise, holding that 
the liver was incapable of resecreting the bile that had once been 
secreted and absorbed into the blood stream He believed the augmented 
secretion was due to the mechanical passage of these absorbed sub- 
stances from the blood which was overchaiged with them Rosenberg, 
however, points out that while this would account for the increased 
secretion, it would hardly account for the increased concentration which 
IS found experimentally 

Okada,®® 1914, in a well managed, extensive series of feeding experi- 
ments on dogs, with peimanent biliary fistulas and ligation of the com- 


27 Bidder and Schmidt, quoted from Hermanns Handb d Physiol 5 256 

28 Rosenberg Ueber die cholagogische Wirkung des Olivenols im Vergleic 
zu der Wirkung emiger andern Cholagogen Mittel, Arch f Physiol 46 334, 1 

29 Barbera L’ehmmazione della bile nel digiuno e dopo differenti genen 

di alimentazione, Arch ital de biol 23 165 1895 

30 Schiff Bericht iiber einige Versuchsreiben, Arch f d ges lysio 

11 589-624, 1870 a i. r a <res 

31 Socoloff Ein Beitrag zur Kenntnis der Lebersekretion, Arc =. 


Physiol 11 166, 1875 

32 Okada On the Secretion of Bile, J Physiol 


49 457-482, 1914-1915 
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mon duel by feeding by stomach, the more normal way, and by 
excluding many extianeous factors and extending his observations over 
longei periods aftei feedings, confiimed or lefuted many of these 
former diveisified conclusions From his experimental findings he 
drew these conclusions 1 There is little difference between the secre- 
tory effect of a diet of bread, buttei and meat during six or seven hours 
if these substances aie intioduced in quantities of similar calonc values 
? Starvation deci eases the secietion of bile and also the stimulating 
effect of feeding upon the liver 3 Fat, acid, peptone, meat extract, 
bile and bile salts, all produce increased secretion of bile Bile and bile 
salts produce an augmentation of concentrated bile, the others of a 
more dilute bile 4 Cane sugar, water and sodium carbonate have 
little oi no effect upon the secretion of bile 5 Intravenous injections 
of secietm and peptone cause increased secretion of a dilute bile 6 
Biliary flow m response to acid stimulation exhibits a course quite 
similar to that displayed by the pancreatic secretion 
LAW OF CONTRARY INNERVATION 

In 1917 Meltzer applied the law of contrary innervation to explain 
the interrelated and coordinated action of relaxation of the sphincter 
of Oddi and the simultaneous contraction of the gallbladder in the 
mechanism of biliary control He had previously noted “that the local 
application of a 25 per cent solution of magnesium sulphate to the 
duodenal mucosa had caused a completely local relaxation of the intes- 
tinal wall ” No such action was noted when the salt was introduced 
through the stomach He made the practical suggestion that in some 
pathologic conditions this coordinated nervous mechanism might be 
disturbed, as by some spasticity or rigidity of the sphincter In such 
cases, the instillation of concentrated magnesium sulphate, through a 
duodenal tube, might cause a relaxation of the nonfunctioning sphincter, 
with relief of the distressing symptoms caused by cessation of biliary 
flow into the duodenum 

Lyon,®^ m a large senes of cases and in several articles, claims to 
have confirmed Meltzer’s theory in a practical manner The instillation 
of concentrated magnesium sulphate into the duodenum by a duodenal 
tube, m human subjects, was followed by the evacuation of bile in 
large quantities , and he has been able to segregate and examine the 
bile coming from (1) the common duct, (2) the gallbladder, and (3) 
the liver He believes that the method is of much moment in the 
nonsurgical drainage of the gallbladder and biliary passages He con- 

33 Meltzer The Disturbance of the Law of Contrary Innervation as a 
Pathological Factor in Diseases of the Bile Ducts and the Gallbladder, Am J 
M Sc 153 469-477 (April) 1917 

34 Lyon, B B V Diagnosis and Treatment of Diseases of the Gallbladder 
and Biliary Tract, J A M A 73 980 (Sept 27) 1919 
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sideis conccnd.ued magnesium sulphate a “chemical messenger” 
hormone, which has the ability not only to cause relaxation of the 
sphmaer of the common bile duel hut also to cause simultaneously 
the contraction of the gallbladder and the expulsion of its contents 

No definite laboratory demonstration of the law of contrary inner- 
vation III the gallbladdei mechanism has ever been shown and it is with 
this feature that the ex-penmental data herewith given have been 
concerned 

rAPnRIMHNlAL DATA 

lixammation of the duodenum of a dog during the fasting stage 
1 eveals a slightly elevated papilla discharging no bile Inserting a fine 
chopping glass cannula into the lumen of the common duct through the 
papilla, one c.in obtain a sudden gush of a few drops of bile, bile from 
the common duct and bihar}' passages, maintained there, no doubt, by 
the competent sphincter of Oddi There then follows a drop of bile 
at long mtcivals, this bile being the continuous secretion of the liver 
During digestion, there is a continuous flow of yellow thin bile into 
the duodenum The papilla then is easily stimulated to contraction by 
rubbing with gauze, flicking with the finger or by chemical irritation 
The duct appears suddenly to contiact, becomes slightly' erect, and the 
flow of bile ceases foi from fifteen to thirty seconds Relaxation fol- 
lows and the continuous flow of bile is reestablished In the fasting 
stage lelaxation of the closed sphincter was readily obtained by mechan- 
ical and chemical irritation, being followed by a small momentary 
expulsion of bile It is extremely difficult to say whether the papilla 
alone was stimulated , the reaction alway's seemed to include the 
duodenum sui rounding the base of the papilla, and if the stimulus was 
gieat enough, to involve the whole segment of the duodenum and even 
to cause a progiessive penstalsis 

SPHINCTER PRESSURE 

With the ampulla exposed through an opening in the duodenum, 
with a light-angled cannula inserted into the common duct, with the 
open end towaid the ampulla and connected with a pressure bottle 
filled with watei deeply colored with methylene blue as an indicator, 
the sphincter pressure was determined in a senes of dogs By carefully 
elevating the piessuie bottle, a level is reached at which there is a 
continuous flow of colored fluid through the papilla When the pres- 
sure bottle IS lowered slowly, there is a spurt of bile through the orifice, 
decreasing in quantity, with eveiy respiratory effort, the respiratory 
impulse being transmitted through the diaphragm to the intestine as a 
wave This continues until a still lower level is reached wiere no 
fluid is expelled through the orifice The lower level ’ 

undoubtedly, the absolute pressure maintained or supported y 
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sphinctei of Odd: The foimei level seems to represent this sphincter 
pressuie plus the resistance of the valvehke effect produced by the 
oblique course of the teiminal end of the common duct through the 
duodenal wall Local application, by a cotton swab or by dropper, was 
then made to the papilla and neighboring duodenum of (1) 25 per cent 
magnesium sulphate, (2) 5 percent peptone solution, (3) 0 4 per cent 
hydrochloiic acid, (4) 0 4 per cent, sodium hydroxid Measurements 
of the sphincter pressure both before and after application in each case 
were made The leaction appears to be mainly a local one, affecting 
both the papilla and the duodenum It is of short duration and normal 

TABLE 1 — Dm RMiNATiON or the Pressures at thf Sphincter of Oddi 

IN A SrRirs OF Dogs 


Pressures m Mm of Water 



Animal 

Animal 

Animal 

Animal 

Inimal 

Animal 

Animal 

Animal 


1 

2 

3 

4 

5 

6 

7 

8 

Normal 









Total pressure 

140 

270 

364 

190 

170 

340 

420 

244 

Splimcter pressure 

90 

160 

lOO 

110 

94 

140 

210 

114 

Ditlcrcncc 

fO 

110 

264 

80 

V6 

200 

210 

130 

Magnesium Sulphate 









Spliineter pressure— before 

100 

156 

104 

110 

lOO 

150 

210 

108 

Sphincter pressure— after 

40 

62 

48 

oo 

42 

60 

120 

38 

Difference 

00 

94 

66 

50 

58 

90 

90 

70 

Peptone 5 per cent solution 









Sphincter pressure — before 

92 

100 

102 

100 

104 

146 

184 

120 

Sphincter pressure— after 

72 

112 

70 

82 

86 

96 

142 

84 

Diflercnoe 

20 

48 

32 

24 

18 

50 

42 

36 

Acid 0 4 per cent hjdrochloric 









Sphincter pressure — before 

92 

148 

110 

116 

98 

152 

200 

132 

Sphincter pressure— after 

114-52 

30 

142-70 

70 

62 

208-78 

80 

410-72 

Difference 

40 

118 

40 1 

46 

SO 

74 

120 

60 

Alkali 0 4 per cent sodium hy 









droxid 

Sphincter pressure— before 

98 

144 

112 1 

122 

104 

148 

190 

126 

Sphincter pressure— after 

112 

150 

320-82 

128 

180-82 

122 

320 180 

073-460 

Difference 

24 

0 

30* 

6 

22* 

26 

lot 

334t 


* Beturn to normal pressure m five minutes 

+ Prolonged increase in interductal pressure, no return to normal in tvventj minutes 


conditions are readily established The results m eight typical cases, 
in dogs ranging from 35 to 45 pounds (15 9 to 204 kg) in weight, 
are given in Table 1 

EFFECT OF MAGNESIUM SULPHATE ON SPHINCTER PRESSURE 

1 The absolute sphincter pressures here determined are somewhat 
lower than those usually given Oddi ® and Archibald ® found unusually 
high values, from 650 to 675 mm of water Herring and Simpson 
report pressures of from 200 to 300 mm Mann finds most of them 

35 Herring and Simpson The Pressuie of Bile Secretion and the Mechan- 
ism of Bile Absorption in Obstruction of the Bile Duct Proc Roy Soc 
London 79 517-532, 1907 

36 Mann, I C The Function of the Gallbladder A^n Experimental Stu iv 
New Orleans M &. S T 71 80 (Aug) 1918 
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langing- between 100 and 150 mm Mc'Whorter lepoils the majority 
between 100 and 200 mm . with some as low as 50 mm and others as 
high as 580 mm of \\alei Smoothness of anesthesia, peristalsis, trans- 
mitted lespiiatoiy piessuie, piessuic from contiguous organs, all have 
then eft ect m modifying the icsults obtained, one gams the impression, 
howe\ei. tliat if all the extraneous factors could be removed, the 
absolute piessuie maintained by the papillary sphincter of Oddi would 
be much lowci than usually supposed, probabl} less than 150 mm of 
watci 

2 M.ignesium sulph.ite does produce a relaxation of the papillary 
sphinctei with leduction of the interductal pressuie As Meltzer has 
said, it pioduces a "complete!} local lelaxation”, it nnolves the sphincter 
and the suiioundmg duodenum and with an increase in the amount 
of the magnesium salt, there is segmental relaxation, leading to advanc- 
ing peristalsis J he l.ittei is especially well maiked wdien magnesium 
suljdiate m l.iigei amounts (fiom 5 to 10 cc ) is injected through the 
wall into the lumen of the bowel A regular advancing peiistalsis of the 
duodenal tube follow’s 

3 Local application of magnesium sulphate is followed by a momen- 
taiy lelaxation of the sphincter followed by a spuit of bile from the 
papillary orifice and .i low'ered intraductal pressure Normal pressure 
IS readily established, usually in less than tw'o minutes and most com- 
monly in less than one minute When laigei amounts of the magnesium 
salt are left m the unopened bow'el, the relaxation may be of longer 
duiation and complicated by the characteristic active peristalsis It is 
quite impossible from the determinations made to conclude whether 
there wms pioduced a local complete relaxation McWhorter does not 
find the sphincter completely lelaxed Making the determinations as 
quickly as possible, the low^est intraductal piessure found m the animals 
undei observation wms 30 mm of Avatei McWhorter has also reported 
changes m the intraductal piessure, from the application of magnesium 
sulphate to the duodenal mucosa, of from 50 to 100 mm of ivater 

4 Much less lelaxation was obtained by application of a 5 per cent 
peptone solution Acids, 0 4 pei cent , tend to be follow^ed by a con- 
traction, with increased intraductal piessuie but with a subsequent 
deciease in pressure greater than that caused by peptone As a rule, 
alkali, 0 4 per cent sodium hydroxid, wms followed by a contraction and 
a long enduiing increase in the mtiaductal pressure, the return to norma 
being delayed in some instances to twenty minutes There seems to 
be a definite shrinking of the mucosa with the stronger acids an 
alkalis, and this no doubt alters the findings Acids and alkalis, stronger 

37 M^horter, G L The Surgical Significance of the Common Bile Duct 
Sphincter, Surg, Gynec & Obst 32 124-129 {Sept 17) 1921 
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than 0 4 pei cent would not be encountered m the duodenum normally, 
and such lesults would have no special relation to the normal human 
mechanism 

Attempts weie made to show graphically the change m the intra- 
ductal pressui e in the common duct and m the gallbladder, if any, from 
the application of magnesium sulphate to the duodenal mucosa and the 
bihciiy papilla The piessure is quite low and it was difficult to get a 
graphic recoid of the pressure change A cannula was inserted into 
the common duct of an unusually large dog To the free end was 
attached a very thin rubber balloon filled with water and in equilibrium 
with the intraductal pressure This was introduced into a glass tube or 
bulb filled with oil and connected to a delicate piston, a lever recording 
manometer to record on a revolving smoked drun( Any changeTn the 
intraductal piessure was accompanied by a movement of the lever Two 
different methods were used to determine the gallbladder pressure In 
one there was cannula, balloon, water and oil manometer system, like 
that used for the common duct In the other method, a balloon of very 
thin rubber was inserted into the gallbladder, filling it completely The 
balloon was filled with thin oil and connected with a recording mano- 
meter and smoked drum In no case was there any evidence of a 
change in the gallbladder pressure, either m the nature of a relaxation 
or of a contraction of the gallbladder itself, as a result of the application 
of the magnesium sulphate to the duodenal mucosa A definite fall in 
the intraductal pressure in the common duct was demonstrated 
Figure 1 shows a definite lowering of pressure m the common duct and 
no appreciable change in the gallbladder pressure on the application of 
25 per cent magnesium sulphate to the mucosa of the duodenum 

GALLBLADDER PRESSURE AND MAGNESIUM SULPHATE 

The absence of any definite gallbladder effect due to the application 
of concentrated magnesium sulphate to the duodenal mucosa and the 
biliary papilla was further substantiated by the following procedures 

1 A fine water manometer attached to the gallbladder showed 
neither rise nor fall in pressure on such application of magnesium sul- 
phate to the duodenum, though it was accompanied by a relaxation of 
the sphincter of Oddi and by a spurt of yellow bile through the papillary 
orifice 

2 With a fine right angled dropping cannula inserted into and 
attached to the fundus of the gallbladder, the gallbladder normally 
empties itself according to the following rate and curve plotted for that 
particular cannula and gallbladder first five minutes, 59 drops , second 
five minutes, 55 drops , third five minutes, 48 drops , fourth five 
minutes, 38 drops , fifth five minutes, 28 drops, and sixth five minutes, 
10 drops 
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When concentiated magnesium sulphate was applied, there was no 
change m the rate or cuive If a relaxation followed such an appli- 
cation, one would expect the alteied curve to take the general form 
indicated by the dotted lines C in Figure 2 If a contraction had 
followed such application, the cur\e would take the general form 
Illustrated by the Cuive B 

TLOW^ or GALLBLADDCR BILE AND OF LIVER BILE 

The common duct was cathetenzed with a fine dropping cannula and 
the normal biliary flow ascertained in drops for five minute intervals 
Five c c of bile was carefully removed by an aspiration needle from 
the gallbladder and replaced by 5 c c of strong methylene blue bile 
solution in order to have an indicator of gallbladder bile, should it be 
expelled through the cannula Drops from the cannula were recorded 
electrically on the revolving smoked drum Five cubic centimeter 
amounts of 25 per cent magnesium sulphate, of 5 per cent peptone, 
of 5 per cent meat extract, of 0 4 per cent hydrochloric acid, and of 
0 4 per cent sodium hydroxid w'ere injected into the duodenum by 
needle through the bowel wall and the biliary flow was registered on the 
drum Return to normal flow occurred usually one half hour before 
another substance was injected Ether anesthesia was maintained as 
evenly as possible This piocedure w'as earned out in eight animals 
Three representative findings are given in Table 2 Figure 3 gives the 
curves of these effects for Animal 1 

The data show an increased biliary flow on injection of acid, meat 
extract, peptone and magnesium sulphate, with increasing amounts in 
the order named There was only moderate increase in the flow'^ fol- 
lowing the magnesium sulphate and practically none with the alkali 
The earliest augmentation was noted with the acid and the most 
delayed with the peptone The bile secreted ivas that characterized 
as “liver bile,” a thin yellowush fluid of low specific gravity These 
results conform quite well with Okada’s findings in animals with biliary 
fistula and in feeding by stomach There were variations noted in the 
bile flow with changes m the lespiiatory rate, depth of anesthesia, with 
peristalsis and at times suggestive of cumulative effects of the sub- 
stances injected In no case, however, was gallbladder bile expelled or 
was there any evidence to indicate contraction of the gallbladder 
Crohn, Reiss, and Radin,®® in a recent article, report that they also 
failed to see any evidence of gallbladder bile being discharged even 
during active digestion , and they found no substance capable of 
causing expulsion of the bile from the gallbladder when applied to the 

38 Crohn, B B , Reiss, J, and Radin ]M J Experiences with L\ons Test 
(Magnesium Sulphate Lavage of the Duodenum') J A. M A. 76 1567-1571 
(June 4) 1921 



388 


ARCIIJJ'ES or SORGER] 


duodenal mucosa They weie led lo believe that the gallbladder was 
decidedly an inactive organ that took little action in the physiologic 
pioduction, storage or expulsion of the bile In the experimental work 
heiein recoided, the only instance in which gallbladder bile was obtained 
f 1 om the common duct cannula, except on forcible mechanical 
expression fiom the gallbladder, occurred on introduction of 200 cc 
of 04 per cent ludrochloiic acid into the duodenum Confirmatory 



Tig 2— Effect of application of concentrated magnesium sulphate on rate 
of biliary flow A rate of flow , S, curve illustrating rate following contraction, 
and C, curve illustrating rate following relaxation 


of the work of Okada, there occmred in every case a long enduring, 
pronounced increase of flow of thin, dilute yellowish bile n t ree 
of eight instances, howevei, the flow throughout was staine v 
methylene blue, indicative of gallbladder bile under the con i ion 
TeXennient In no other Ltance was gallbladder btle seen m tb 
flow nor was there any v.s.ble mamfestal.on of any contrachon of 
the gallbladder Figure 4 shows the long enduring biliary ow 
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mg the introduction of 200 c c of 0 4 per cent hydrochloric acid into 
the duodenum and the similarity of its flow to the pancreatic secretion 
under the same stimulus 

The experimental data herein presented fail to indicate that 
magnesium sulphate caused any contraction of the gallbladder or pro- 
duced any expulsion of its bile content Recently, Dunn and Connell 
111 a human subject, with duodenal fistula and from whom the gall- 


TABLE 2 — Estimation of Time or Secretion of Bile in the Dog 



Time, 

Minutes 

Amount m Drops from 
Fine Cannula j 

Remarks 

Dog 1 

Dog 2 

Dog 3 

Magnesium sulphate 






Before injeetion 

5 

28 

32 

23 

Thin yellow bile 


10 

26 

35 

21 

No gallbladder bile 

After injection 

5 

28 

29 

20 



10 

36 

33 

28 



15 

32 

40 

27 



20 

25 

32 

22 



25 1 

25 1 

i531 

19 



so 

1 22 

? i 

14 


Peptone solution 5 per cent 






Bofoie injection 

5 

22 

39 

22 

Thin yellow bile 


10 

20 

35 

19 

No gallbladder bile 

After injection 

5 

22 

32 

18 



10 

24 1 

38 

17 



15 

34 

53 

28 



20 

38 

58 

27 



25 

26 

32 

22 



30 

24 

28 

27 


Meat e'^tract 5 per cent solution 






Befoie injection 

5 

25 

32 

18 

Thin yellow bile 


10 

19 

30 

14 

No gallbladder bile 

After injection 

5 

39 

44 

10 



10 

38 

57 

11 



15 

33 

54 

12 



20 

22 

42 

6 



25 

19 

35 

6 



30 

19 

26 

12 


Acid hydrochloric, 0 4 per cent 






Before injection 

5 

22 

26 

17 

Thin yellow bile 


10 

26 

24 

22 

No gallbladder bile 

After injection 

5 

42 

38 

56 



10 

48 

58 

66 



15 

36 

44 

61 



20 

34 

28 

42 



25 

28 

31 

30 



30 

19 

26 

28 


AlLali, sodium hydroxid 0 4 per cent 






Before injection 

5 

18 

24 

23 

Thin yellow bile 


10 

22 

20 

17 

No gallbladder bile 

After injection 

5 

12 

17 

22 



10 

14 

26 

19 



15 

20 

29 

12 



20 

28 

34 

16 



25 

18 

22 

19 



30 

21 

12 

20 



bladder and common duct had been removed, were able to get the 
increased biliary flow and the sequence of “A, B, C Bile” from the 
injection of magnesium sulphate either into the stomach or into the 
duodenum This sequence, according to Lyon’s theory, depended upon 

39 Dunn, A D , and Connell, K Report of a Case of Hepatoduodenostomy, 
With Some Observations on the Lyon-Meltzer Method of Biharj Driinave, 
J A M A 77 1093-1096 (Oct 1) 1921 
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the inlegiily of the gallbladder and the common duct and the expulsion 
of then contained bile under the cflect of this concentrated magnesium 
sulphate solution 

lUiXcriOiX oi nii: galliilaodck 
It seems quite evident that the major pait of the biliary secretion, 
the digestive fluid at least, is jiroduced by hoimone stimulation to meet 
the demands of digestion and in .i manner identical with that con- 



Fig 3— Effects of injection of acid, meat extract, alkalis, peptone and mag- 
nesium sulphate on rate of biliary flow 

trolling the panci eatic secretion The period of most abundant bile 
production seems to coincide with the passage of the acid chyme into 
the intestine, and the liver continues to pioduce it as long as t e 
digestive functions demand it The smaller portion of the biliary ow, 
the continuous secietion, finds its way into the gallbladder and is tiere 
stored up until active digestive piocesses allow its evacuation s a 
reservoir, the gallbladder has been said to be poorly adapted inechanica y 
for such a function, both because of its small lelative ^ 

large amount secreted during the twenty-four hours and a so 
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of Its lack of inherent, efficient propulsive powers Mayo has indi- 
cated that Its storage capacity is only from one fortieth to one fiftieth of 
the twenty-four-hour secretion, and Mann states that it can afiford 
storage foi about the amount secreted in one-half hour of active liver 
function 

Under normal conditions, one does not meet with a distended gall- 
bladder, distended as that organ may become under certain pathologic 
or mechanical conditions In common duct obstruction we may see 
a tense well-filled gallbladder, but one does not encounter the huge 



Fig 4 — Comparison of biliary flow and pancreatic secretion following the 
introduction of 200 cc of 0 4 per cent hydrochloric acid into the duodenum 


distended bladder This is usually explained by saying that the storage 
of bile ceases when the biliary pressure is equal to the secretory pressure 
of the liver, usually given as 350 mm of water The liver at this 
pressure does not cease to secrete bile , but this, probably, is the pressure 
at which the bile secreted escapes from the obstructed bile ducts into 
the blood stream at the margins of the liver lobules The large distended 
gallbladders are encountered in cystic duct obstruction in which the 
gallbladder is distended, not with the bile from the liver, but with its own 
secretion, produced as a result of a pathologic condition of the gall- 

40 Alavo, W J “Innocent” Gallstones a Mjth, JAM A. 56 1021 (April 
8) 1911 
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b’addcr Wcdl On the other hand, increase in pressure in the fundus 
of tlie galibladdei tends to pi event entiy or exit of bile to, or from, 
the gallbladdei beyond a certain pressure by kinking the S-shaped por- 
tion of the neck of the gallliladdei and cystic duct Inability to express 
bile from the gallbladder by manual piessure may or may not be 
indicative of a pathologic condition of the bladder One can fill the 
gallbladder with fluid to a \ery high pressure, almost to the point of 
rupture, and get no flow from the cystic duct, straightening out the 
neck and the cystic duct by <i little jn essure on the S-shaped portion 
will immediately produce an abundant flow of bile One can readily 
see how this S-shaped portion, neck or ampulla of the gallbladder, pre- 
vents the gallbladdei from becoming overdistended and also how an 
infltimmatory condition of the gallbladder and biliary passages might 
so modif} the configmation of the neck, ampulla, cystic duct and 
leaflets as to make it a nonfunctioning gallbladder 

In a lecent article, Rous and McMaster “ have given us an insight 
into another function of the gallbladder and biliary passages Using 
bile pigment in the bile as the criterion, they found a concentration of 
bile to ten times the normal in gallbladders which had been emptied 
and allowed to fill m vitio In distended bladders, the concentration 
was about nine times the normal in the twenty-four hours Mere 
passage of bile through the gallbladder concentrated the bile from two 
to four times This was done by the abstraction of water The gall- 
bladdei was thus made a rather capacious organ not so much from its 
swe as from its singular poA^er of reducing the bulk of the fluid reach- 
ing It By this concentrating power it was enabled to maintain the liver 
output between the periods of gastric activity According to these men, 
the gallbladder and the ducts have opposite influences upon the bile 
Stasis of bile, connected with or in conjunction with, the gallbladder, 
always results in a thick, black syrupy bile due to this concentrating 
effect of the gallbladder On the other hand, stasis of bile unassociated 
with the gallbladder lesults in a thin “white bile” due to the diluting 
effect of a specific duct secretion The ducts evidently have the power 
of secreting a characteristic fluid of their own even under pressures 
great enough to cause distention of their tough and inelastic walls, a 
secretion that is devoid of cholates even when the rest of the organism 
IS heavily jaundiced 

As far as has been ascertained clinically, the removal of the ga 
bladder has resulted m no special detrimental effects In the Mayo 
Clinic, cholecystectomized patients showing,no untoward symptoms have 
been followed for more than fifteen years Mann has kept cholecystec 
tomized dogs for three and one-half years, and they appear to be norma 

P , and McMaster, P D Concentrating Activity of the Gallbladder, 

J Exper Med 34 47 (July) 1921 , Physiological Causes for the Varied uia 
acter of Stasis Bile, J Exper Med 34 75 (July) 1921 



JACOBSON-GYDESEN— GALLBLADDER 


393 


as far as nutrition and outward appearances are concerned Judd and 
Mann have shown the great dilatation of the extrahepatic passages and 
the reduction of intraductal pressure with relaxation of the sphincter of 
Oddi following removal of the gallbladder Eisendrath and Dunlavy *- 
and Haberer and Clairmont have reported cases in which the incom- 
pletely removed cystic ducts have dilated to form structures similar to 
the gallbladder and which supposedly function like one Rost has 
shown that animals subjected to cholecystectomy formed two groups 
( 1 ) those with continent sphincters and with dilated bile ducts, the action 
of which was similar to that of a gallbladder, (2) those having inconti- 
nent sphincters and with little or no dilatation of the ducts In these 
there was a constant dribbling of bile into the duodenum During fasting 
periods, m certain of these animals, the biliary flow was so profuse as 
to be voided in the stools Rost has also found a decrease in the secre- 
tion of bile and pancreatic juice in cholecystectomized animals after a 
test meal or after the injection of large amounts of acid chyme into 
the duodenum 

The gallbladder seems mechanically placed as a distensible pouch 
or bag interposed in a system of biliary tubes for the purpose of 
minimizing extremes of pressure within that system, as when bile comes 
too rapidly from the liver or when its passage into the duodenum is 
prevented by the sphincter of Oddi It is doubtful whether, under 
normal conditions, the intraductal or gallbladder pressure ever exceeds 
350 mm of water, the pressure required for obstructive symptoms 
Forced movements of the abdominal muscles, of diaphragm and con- 
tiguous organs produced by excessive respiratory movements, struggling, 
vomiting, violent peristalsis, all undoubtedlv produce fluctuations in pres- 
sure that are equalized by the gallbladder The production of mucus and 
the concentrating power of the gallbladder itself in contrast to the 
biliary passages are indicative of some distinctive and purposeful differ- 
entiation of that organ for present function or possibly of a function 
that is more actively important in the embryologic history of that struc- 
ture The fact that on removal of the gallbladder no special detrimental 
effects develop clinically may also be indicative of the wonderful adapti- 
bihty of the human mechanism to such an altered condition as well as 
confirmatory of any lack of present function One wonders whether the 
gallbladder is m the same category, with respect to function, as the 
vermiform appendix 

42 Eisendrath, D j\I , and Dunlavy, H C The Fate of the Cystic Duct 
After Cholecystectom^ , Surg Gjnec ic Obst 26 110 (Jan) 1918 

43 Haberer and Clairmont Expenmeiitelle Untersuchungen uber das Ver- 
halten des Cysticusstumpfes nach Cholecvstectomie, Arch f klin Chir 73 679 
1904 
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SUMMARV 

1 Bile as a secretory product of the liver is produced probably 
through hormone stimulation associated with the production of acid 
ch} me in the stomach 1 he height of biliary flow is coincident with 
the passage of the acid chyme into the duodenum 

2 There is a marked similarity between the curve of bile production 
and that of pancreatic secretion 

3 The smaller continuous secietion of the liver is stored in the 
gallbladder which <icts as a reservoir, until evacuated by the demands of 
digestion The stoiage capacity of the gallbladder is augmented by its 
remarkable concentrating jiower 

4 1 he S-shaped configuration of the neck and ampulla of the gall- 
bl.idder jircvents overdistcntion of the gallbladder When over- 
distcnded it prevents the exit of bile altering the peculiar con- 
figur.ition of this portion of the gallbladder and cvstic duct, inflamma- 
tory conditions nia} readily produce a non functioning gallbladder 

5 The sphincter of Oddi a definite muscle entity at the duodenal 
end of the common duct, sustains an absolute pressure of about 150 mm 
of water The gallbladder undoubtedly equalizes the great fluctuations 
in this pressure due to movements of the abdominal muscles and con- 
tiguous organs Cholecystectomy tends to produce a lowered intra- 
ductal pressure and a relaxed tone of the sphincter of Oddi The 
sphmctei IS probably under leflex nervous control associated with the 
p<i‘-sage of acid chyme into the duodenum and with intrinsic movements 
of the duodenum itself 

6 Magnesium sulphate does produce a complete, local lelaxation 
of the duodenal wall and the papillar}'- sphmctei, with reduction of the 
intraductal pressuie Relaxation is tiansient and is usually accompanied 
b} a flow of bile fioin the orifice 

7 There was no evidence that concentrated magnesium sulphate 
produced any contraction of the gallbladder or an)'’ specific change in the 
gallbladder pressuie The augmented biliaiy flow from its application 
IS probably due to the evacuation of the bile from the bile ducts as a 
lesult of sphincter lelaxation and also to the stimulating effect of the 
salt upon the liver secretion 

8 Flow of bile fiom the gallbladder has been produced in certain 
cases by injection of large amounts of 04 per cent hydrochloric acid 
into the duodenum This probably is the mechanism of its discharge 
at the beginning of digestion 

9 The production of mucus and the concentrating power of the ga 
bladder are suggestive of some purposeful differentiation of that struc- 
ture, although its removal has been, in human beings, wit lout any 
definite, clinically demonstrable deleterious effects 
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Since the original study of this series proved that there are so 
many possible sources of error from lack of proper appreciation of the 
appearance of normal joints at all ages, effort has been made to study 
the hip, knee and shoulder in a manner similar to the methods adopted 
in studying the elbow The fact that there are more sources of error 
in interpreting the elbow than in any other joint in the body encouraged 
further study 

Francis Howard Williams, in 1902, made the following statement 
"The x-rays are of assistance in pointing out delayed union of the 
epiphyses and when we are familiar with the appearance to be expected 
of the epiphyses at different ages — that is to say, when we have made 
a physiological scale, we may find that we have gained a method of 
estimating the general condition of the younger patients in regard to 
their development ” ^ 

In the light of the foregoing statement, made twenty years ago, it 
IS remarkable that no such systematic study has heretofore been 
published 

We can arrive at some idea of how varied are the ideas relative to 
the knee by quotations from the best authorities of different periods 

Jonathan Hutchinson may fairly be expected to express the best 
thought of his time on the subject In a lecture before the Royal 
College of Surgeons, in 1894, he ^ states, in regard to the lower epiphysis 
of the femur, "There is no epiphysis of so much practical importance 
as the lower epiphysis of the femur Theoretically, we might 

expect a separation to occur beyond the twentieth year The epiphysis 
includes the whole articular surface, and its separation must imply 
injury to the synovial membrane ” Hutchinson further calls attention 
to several valuable points which should be kept in mind by a surgeon 
dealing with this joint in the young the adductor tubercle is at the 
upper limit of the epiphysis, and both heads of the gastrocnemius are 
attached to the epiphysis Another statement is made, which is inter- 
esting in a general way, if not particular!}' bearing on the point in hand 
"It was far easier to separate the epiphysis than to rupture the hga- 

1 Williams F H Roentgen Rajs in Medicine and Surger\, 1902, p -159 

2 Hutchinson, Tonatlian Bnt M J , March 31, 1894 
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ments uf the knee ” When we compared the work of Hutchinson with 
that of Ross and laylor, during the past ten years on sprains, we 
can appieciate Iiow keen the observations of men like Hutchinson were 
Anothei several yeais, and the infrequency of sprains will be 
appi eciated 

J Hogarth Pringle ’ states “One (center) for the lower extremity 
(femur) appears shoitly before birth and fuses with the diaphysis 
about the twentieth year In the tibia, the upper epiphysis, 

from which both the tuberosities and the tubercle are developed, begins 
to ossify at birth <ind joins the diaphysis at from the twenty-first to the 
twcnty’‘-fourth year There is sometimes a separate center 

for the anterior tuliercle wdiich shows at the eleventh or twelfth year 
In the fibula, the upper epiphysis begins to ossify about the 
fourth year and joins the shaft at the tw'enty-second to the twenty- 
fourth yeai ” Reference to texts on the subjects of the appearance, 
development and ossification of the epiphy'ses of the knee is of interest 
Quotations from some of the foremost texts wull be of service 

In Gray’s “Anatomy” it is stated that ossification appears wnthin the 
lower epiphysis of the femur during the ninth month of fetal life, and 
IS not complete wnthin this center until the twentieth year, further, 
concerning the development of the patella, that this occurs from a single 
center which makes its appearance about the third year, that more 
raiely, this bone is developed by twm centers placed side by side, and 
ossification is completed about the age of puberty 

In speaking of the tibia, it is stated that the center for tlie upper 
epiphy'sis appears before or shortly after birth , it is flattened in form 
and has a tongue shaped process in front wdneb forms the tubercle, 
and the upper epiphysis of the tibia joins the shaft about the twentieth 
y'^ear 

In Piersol’s “Anatomy,” the statement is made that the lower 
epiphy^sis of the femur is joined by'’ the age of 20 and often earlier , the 
patella is not fully formed until after puberty' — perhaps not before the 
age of 18, the center of ossification for the upper end of the tibia 
appears usually during the last month of pregnancy , and the upper 
epiphysis extends farther down in front, to form the tubercle which 
may' have a separate nucleus According to Rambaud and Ranault, 
this IS the usual occurrence, appearing at from 8 to 14 years, and quickly 
joining the epiphysis, and the upper epiphysis joins the shaft at about 
19 or 20 years of age 

Scudder in his textbook on fractures says “The lower epip ysis 
of the femur, the largest epiphysis of the body, appears shortly be ore 
birth, attains a good size by 2 years of age, and unites with the c lap ysis 
at from the twentieth to the twenty-third year ” He states regar lOj, 

3 Pringle, J Hogarth Fractures, 1910, p 154 
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the tibia “The epiphysis of the upper end of the tibia appears at 
about the first year and unites to the shaft at the twentieth to the 
twenty-second year ” 

Cotton, in his work on “Joint Fractures and Dislocations,” avoids 
mention of the age at which ossification of the epiphyses of the lower 
end of the femur and the upper end of the tibia takes place 



Figure 1 


Figure 2 


Fig 1 — Normal knee, age 1 year 


Fig 2 — Normal knee, age 2 years 


Roberts and Kelly write “The lower epiphysis of the femur 
includes the entire articular surface of the lower end of the bone It 
IS the largest epiphysis of the body, and unites with the diaphysis from 
the twentieth to the twenty-first year The tubercle and 

upper epiph3'sis of the tibia ossify from a single centre, and unite with 
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the diaphysis from the twenty -first to the twenty-second >ear The 
tubercle at first is cartilaginous, and ossification extends downward 
fiom the epiphysis as a long tongue-shaped projection” 

OnSERVAIIONS 

Fiom a levicw of the literature, it would seem that all are agreed 
that the lowci epiphysis of the femur appears before birth, but there 
does not seem to be a unanimity of opinion as to the time of complete 
ossification and union with the shaft Such statements as ‘"about the 
twentieth year or eailiet, twentieth to twenty-third year, and up to the 
twentj'-fifth 3 'cai” are found in the anatomies and texts commonl}' 
leferrcd to 

Fiom oui obsci valions, it seems justifiable to state that complete 
ossification and union of the lower epiphysis of the femur with the 


TABLF 1 — Opimoss RiCAitnixf; 1 i\n or Ossification of Upper 

Epipinsis of Tini\ 


Author 

Beginning Ossification 

Complete Ossification 

Pringle 

At hirtli 

21st to 24th year 

Gri\ 

Before or shorth after birth 

About 20th y ear 

Picrsol 

During last month of preg- 



nancy 

About I9th or 20th year 

Scudder 

iMiout first year 

20th to 21st \ear 


lABLE 2-— Opinions Ri carding Timi or Ossiiication of Lower 
Epipiiisis of the Femur 


Author 

Hutchinson 


Bcginningf Ossification Complete Ossification 

Be 3 mnd 20th year 


Pringle 

Gray 


ShortH before birth About 20tli year 

Ninth month fetal life 20th year 


Piersoi 

Scudder Shortly before birth 

Cotton 

Roberts and Kelly 
Stimson 


20th year or earlier 
20th to 23d year 
No mention made of age of 
ossification 
20th to 21st year 
Epiphysis may not unite 
with shaft before 2Sth year 


shaft takes place between the eighteenth and nineteenth year con- 
btantly In some instances, complete ossification and union wit t 
shaft have taken place during the fifteenth year (Fig 14 A), aud 
a similar condition has been noted during the sixteenth year (Fig j 

It may be argued that development occurs sooner in tropica an 
semitropical climates This cannot be disputed, but it would prove 
interesting if our observations should be either verified or correc e 
for other climatic conditions 

There is a decided divergence of opinion m the literature as to e 
time of complete union of the upper epiphysis of the tibia From 
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Table 1 and quotations in the portion of the paper dealing with this 
phase of the question, it can be seen that union is supposed to take 
place at any time between the nineteenth and twenty-fourth years 

In this series of observations, the epiphyseal line cannot be made 
out after 18 years and 11 months (Fig 18) 

Aside from this fact, the upper epiphysis of the tibia presents 
several interesting phenomena which are worthy of more than passing 



Figure 3 Figure 4 

Fig 3 — Normal knee, age 3 \ears 
Fig 4 — Normal knee, age 4 ^ears 


comment It should be noted that normally the upper epiphysis of the 
tibia IS m the same perpendicular planes as the lower epiphjsis of the 
femur, and any deviation laterally should arouse suspicion that theie 
IS a displacement of one of the two 

Second and most important, the tubercle of the tibia is a downward 
projection of the upper epiphj'^sis of the tibia which makes its appear- 
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ance about the eleventh yeai/ At times the piojection seems widely 
sepaiated from the shaft 1 Ijis may give rise to the opinion that there 
IS a fracture of the tubercle of the tibia, or "spur” formation The 
latter was the mteipretaiion which was made bj' a roentgenologist 
recently (Figs UB and 14 B) At times, the tubercle seems to 
develop from two separate centers of ossification, thus simulating a 
fracture wnthm the tubercle itself (Fig 15) 



Fig- 5 — Normal knee, age 5 years anti 4 months 


The tubercle is completely joined to the shaft by the nineteenth 
year 

The patella, accoiding to Giay, is completely ossified "about the 
age of puberty ” The time of the appearance of the patella is given 

by Gray as "about the third year ” 

Piersol says that it is "not fully formed until after puberty and 
probably not until the eighteenth year ” The patella is voted m t ns 
study for the first time during the fifth year (Fig SB) It ^ 

appearance just opposite the epiphyseal line of the lower en o le 
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femur The patella presents the most vanable appearance of all struc- 
tures about the knee, as evidenfc<d^_^'^ Figures 5 B, 6 A and 8 At 
times, the patella seems to ossify through two centers within cartilage 
(Fig 8) The development is progressive, but the relative position 
of the joints of development is unchanged , that is, the middle is 
opposite the original site of the epiphyseal line At about 14 years, 
the patella seems to have reached its full bony development — seems 
because it is difficult to say what the ultimate size will be m a par- 



Fig 6 — Normal knee, age 6 years and 6 months 


ticular case It can be asserted that by this time it possesses the con- 
tour, and relative to the surrounding structures, a full deielopment 
for the bone 

The upper epiphysis of the fibula is not evident before the fifth 
year At this time, it is represented b> a small rounded center of 
ossification superimposed on the diaph}sis of the fibula In some 
instances, it has become completely ossified by the fifteenth ^ear 
(Fig 14 A) This union is not constant until the end of the eighteenth 
year (Figs 17 and 18) This epiphysis presents no unusual or 
interesting feature 






402 


ARCIlIl'ES OF SURGLR] 


IN rrRPRLr\TION OI KO^NTG^:NOGKA^rS or NORMAL KNEES 
At 1 }ear of age, tlieie is one epiphysis for the lower end of the 
femiii and one foi the upper end of the tibia No epiphysis of the 
upper end of the fibula is appaicnt (Fig 1) The epiphysis of the 
lowei end of the femur is about two thirds the swe of the diaphysis, 
and It occupies the midplanes of the lower end of the shaft The 



Fig 7— Normal knee, age 7 years and 5 months 


epiphysis of the upper end of the tibia is about the same size as that 
of the lower epiphysis of the femur, and is m the same perpendicu ar 
planes loentgenologically 

At 2 years of age (Fig 2), the appearance is similar to tha 

1 year, except for a relative increase m size 

At 3 yeais of age (Fig 3), the epiphyses for the lower end of he 

femur and the upper end of the tibia have increased re a ive y 
same proportion as the diaphyses No epiphysis of the upper en 
fibula IS evident at this time 
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At 4 years of age (Fig 4), the lower epiphysis of the femur shows 
marked evidence of the developing intercondyloid space and occupies 
three fourths of the lower aspect of the diaphysis of the femur There 
IS still no evidence of the epiphysis for the upper end of the fibula 
The upper epiphysis of the tibia has not increased m the same ratio 
as that of the femur 
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Fig 8 — Normal knee, age 7 \ears and 1 month 


At 5 years and 4 months (Fig SA), the lower epiphysis of the 
femur apparently occupies entirely the lower portion of the femur 
A small ossifying epiphysis is evident over the upper end of the fibula 
Just at the level of the lower epiphyseal line of the femur and anterior 
to it, we see a small shadow of ossification within the patella (Fig SB) 
At 6 years and 6 months (Figs 6 A and B), the patella and the 
epiphysis for the upper end of the fibula ha\e increased very much in 
size 




Fig 10 — Normal knee, age 10 years 
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At 7 years and S months (Figs 7 A and B) all of the epiphyses 
have increased in s\7C, the lower epiphysis of the femur occupying the 
entire lower portion of the diaphysis The upper epiphysis of the 
fibula occupies two thirds of the diameter of the fibular diaphvsis 
\t 7 years and 5 months (Fig 7 B), the patella has ossified to a 
marked extent as compared to that pictured in Figure 8, at 7 years 



Fig 13— Normal knee, age 12 years and 8 months 


There is evidence of an upwaid projection within the uppei 
of the tibia, differentiating the attachment for the ciucia igai 
and also depressions for the semilunar cartilages 

The picture at 7 years and 1 month (Fig 8) sh / 

ossificatiL within the patella The ossification which has takei p 
seems to be developing from two centers 
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At 8 years of age (Fig 9 A and B), there is a marked increase 
in the size of the epiphyses and a closer apposition between the 
epiphyses and the respective diaphyses The patella is approximately 
twice the size of that m the preceding picture It is interesting to 
note the amount of development of the patella in the period from 6 to 
8 years At 8 years of age (Fig 9 A), for the first time, we begin 
to see a depression for the semilunar cartilage and evidence of spines 
for the insertion of the crucial ligament are evident in the developing 
uppei epiphjsis of the tibia 



Fig 14 — Normal knee, age 14 years and 8 months 


At 10 3 fears of age (Fig 10^4 and B), there is a close approxima- 
tion between the lower end of the femur and its epiphysis, but no true 
ossification has taken place between the shaft and the epiphysis The 
depressions for the semilunar cartilages have deepened There is a 
proportionate ossification in the upper epiphysis of the fibula and the 
patella There is still no evidence of the tubercle of the tibia 

At 10 years and 11 months (Fig 11), all of the epiphyses con- 
tinue to increase in size There seems to be a projection downward 
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fiom the anlciior surface of Ihe upper epiphysis of the tibia, this 
being the fiist evidence noted of the tubeicle of the tibia and its origin 
At 11 )eais of age, little dificrence is sliown except in' the size of 
the epiphyses, if anytliing, the internal condyle seems to be larger than 
the external Thcie is no evidence of a tubercle of the tibia 

At 11 re.irs and 6 months (Fig 12 A and B), the epipl^ses for 
the iippci end of the tibia and the upper portion of the fibula are com- 



Figure IS 

Fig IS— Normal knee, age 14 years and 10 months 
Fig 16— Normal knee, age 15 years and 4 months 


pletely formed, but not united with the shaft Theie is a 
downward on the anterioi portion of the tibia, separated 
shaft of the tibia for possibly one fourth of an inch (6 mm ), e 
ot begfinning ossification for the tubercle of the tibia 

At 12 yLs and 8 months (F.g 13), a dose Wroxtma hoo of the 
shaft of the tibia is noted, but no ossification of the epip 5 
shaft 



Fig 18 — Normal knee age 18 years and 11 months 
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14 jears and 8 months (Fig 14^ and B), there is a complete 
ossification of all of the epiphyses of the knee The lateral view 
(Fig 14 5) shows a projection downward from the upper epiphysis 
of the tibia, on the anterior aspect of the shaft It is still separated 
from the shaft, but not so markedly as in preceding ages 

At 14 yeais and 10 months (Fig 15) there is incomplete ossification 
of the shafts to the epiphyses and the tuberc'e of the tibia apparently 
from two centers 

At 15 years and 4 months (Fig 16) there is a shadow, appar- 
ently the line of demarcation, but sufficiently ossified so that there is 
no deal space between the epiphj^ses and the shafts 

At 16 years and 8 months (Fig 17), the epiphyseal lines are present 
The tubercle of the tibia is almost completely ossified 

At 18 3 fears and 11 months (Fig IS), there is complete ossification 
of the epiphyses and union of the epiphyses and the shafts 

At 20 years (Fig 19^ and B), there is complete ossification 
At 21 years and 10 months (Fig 20^4 and B), a picture similar 
to that at 20 years is presented 


SUMMARY 

The epiphyses of the lower end of the femur and of the uppei end 
of the tibia have attained the size of half the width of their respective 
diaphyses at 1 year 

There is evidence of ossification within these epiphyses at a much 
earlier time 

In one instance, we have a picture showing it at 7 weeks (lower 
epiphysis, femur) 

During the first four years, no other epiphyses are evident roentgen- 
ologically 

At 5 years and 4 months (Fig 5 A), ossification has proceeded to 
such an extent in the lower end of the femur and upper end of the 
tibia that they almost cover their respective diaphyseal ends 

At this age, for the first time, one sees ossification in the upper 
epiphysis of the fibula and within the patella 

During the next year, the patella increases rapidly in size It is 
at this time that we notice the greatest variation in the developing 
patella In one instance, at 6 years and 6 months (Fig 6 A) , the 
patella is about one-half inch (13 mm ) m length, and in another 
picture (Fig 8), at 7 years and 1 month, there are two small ossifying 
shadows within the cartilaginous patella 

At 8 years of age, the depressions for the semilunar cartilage and 
the spines of the tibia are evident roentgenological!} 

By the tenth year, there is a close approximation between the 
respective epiphyses and their diaphyses 
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At 10 yearb and 11 months, we see tlie first evidence of the tubercle 
of the tibia It is represented by a downward projection from the 
upper epiphysis of the tibia (Fig 11) 

During the twelfth year (11 jears and 6 months, Fig 12 A), the 
tubercle inci eases lapidly in si7e, and projects forward, being separated 
by a wide space from the shaft of the tibia Union between the tubercle 
and shaft proceeds from above down, and from before backward 
This process can be noted by referring to Figures 14- B and 15 
At 18 years, this tubercle is completely ossified and united to the 
shaft 

In one instance (Fig 15, 14 years and 10 months), the tubercle of 
the tibia seems to be ossifying through two separate centers 

At 15 years and 4 months (Fig 16), there seems to be complete 
ossification within the epiphyses and union of the respective epiphyses 
and their diaphyses 

After the eighteenth year, theie seems to be complete ossification 
of epiphyses and diaphyses 

1211 Maison Blanche 



EIGHTEENTH REPORT OF PROGRESS IN ORTHO- 
PEDIC SURGERY * 


ROBERT B OSGOOD, M D , ROBERT SOUTTER, M D , HARRY C 
LOW, M D , MURRAY S DANFORTH, M D , LLOYD T 
BROWN, MD, AND PHILIP D WILSON, MD 

BCSTOV 

CONGENITAL CONDITIONS 

An interesting malformation of the carpus has been reported by 
Eaves and Campiche ^ This occurred in a laboring man, aged 20 who 
was free from all subjective symptoms and showed objectively only a 
freer amount of motion than normal in the carpus The roentgenogram 
of the right hand revealed a total absence of the scaphoid and a poorly 
developed radial styloid process In the left hand the scaphoid was 
only half as large as the normal, and the radial styloid was absent 

[Ed Note — It is apparently possible to have a functionally 
adequate wrist with only a small, or, indeed, without any, scaphoid 
The case perhaps offers further encouragement for the removal of the 
whole or the smaller portion of a fractured and ununited scaphoid ] 

Congcmtal Synostosis of the Radius and Ulna — Wakeley^ reports 
eight cases, with no hereditary history Pie considers that the operation 
offers small likelihood of restoring voluntary pronation and supination 
The danger of injuring the posterior interosseous nerve is a very real 
one Moreover, the disability existing from birth has been so largely 
compensated that the patients are often hardly conscious of their 
limitation 

Congenital Dislocation of the Shouldei — Martin^ has reached the 
conclusion that congenital dislocation of the shoulder is an extremely 
rare condition, the subacromial type being the least common Kir- 
misson, m 1898, could find but eight reported cases, and Coudray has 
since reported two others Other congenital characteristics were present 
in these two cases of Coudray, such as a lack of complete development 

* Owing to some delay in the mails, the German articles did not arrive m 
time to be included in this report Comments will be made on them in the 
next report 

* This Report of Progress is based on a review of 466 articles selected from 
504 titles dealing with orthopedic surgerj', appearing in medical literature 
between Oct 1 1921, and Jan 21, 1922 Onlj those papers which seem to 
represent progress have been selected for note and comment 

1 Eaves and Campiche J Bone &. Joint Surg 4 78 (Jan ) 1922 

2 Wakele\ Arch Radiol & Electroth 26 185 (No\ ) 1921 

3 Martin Pans med 11 469 (Dec 10) 1921 
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Of the joint, including the head of the humerus and the acromion in 
one, and an abnoima! development of the entire extremity in the other 

(En Non: These findings are interesting as tending to disprove 
Turner i homas theory of dislocation of the shoulder as the common 
cause of obstetric paralysis ] 

Saa alization of the Lent Luwba) Votchia — Leri'* remarks that 
the diagnosis of a saciali/ation of the fifth lumbar vertebra as a cause 
of obscure sciatica has become the fashion In his study of 100 
locntgenogiams, more than SO per cent showed an impingement of a 
(i.msvcrse process on the ilium, the sacrum or both In less than 25 
per cent were the outlines in accordance wuth the accepted norm for 
the legion In onl} 6 or 7 pei cent could the symptoms reasonab'y 
be attributed to this condition 

Lupo '■ repoits studies of the abnormalities of the fifth lumbar 
veitebra in children It is apparentl}'^ no more rare m children than in 
adults The sacralij'ation is more frequently bilateral than unilateral 
In the first tw enl_\ jears of life, there seem to be few'’ symptoms arising 
from this condition Deformities of the pelvis, congenital dislocation 
of the hip, coxa vaiga, coxa vara, etc , are quite commonly found in 
association with this abnormality Of the 110 cases studied, seventy- 
nine were bilateral sacrah rations, and thirty-one unilateral Twenty- 
nine of the unilateral c.ises w'cre on the left 

Schiassi has encountered tw'o cases of pain due to enlarged trans- 
veise piocesses of the fifth lumbar vertebra The enlarged process was 
so situated that a foiamen w'as formed between the neck of the process 
and the lop of the sacium When the patients w'^eie subjected to 
lejieated sttains, there w'erc evidences of pressure on the fifth nerve 
root, and jiossibly also irritation of the fourth root as it passed over the 
anterior surface of the enlarged fifth transverse process He con- 
siders resection of the piocess to be the rational method of relief 

Bonniot,' in an illustrated article, describes a method of approach 
to the root of the transverse piocess of the fifth lumbar vertebra in 
cases in which resection of the process is to be undertaken for relief 
of pain believed to be due to the enlargement or sacralization of this 
process The approach is as follows (1) The patient is placed in a 
prone position, with a sandbag beneath the anterior superior spine the 
abdominal contents being thus permitted to sag away from the Join 
(2) An incision, 10 cm long, is made at the outer edge of the erector 
spinae, extending downward to the ihac crest, and tien contimi 


4 Len Bull Soc med d !i6p de Pans 45 1228 (July 29) 

5 Lupo Chir d org di movimento 5 503 (Oct ) 1921 

6 Schiassi Chir d org di movimento 5 229 (June) 

7 Bonniot Lyon chir 18 445 (July-Aug ) 1921 



PROGRESS IN ORTHOPEDIC SURGERY 


415 


downward and mesially, following the crest to the posterior superior 
iliac spine (3) An incision of the lumbodorsal fascia is made and the 
sacrospinalis muscle is mobilized and retracted mesially The branches 
of the iliolumbar vessels are ligaied The tips of the transverse 
processes are felt (4) A dissection is made along the sacrospinalis as 
far as its iliac attachment and then the posterior portion of the iliac 
crest is osteotomized from a point just lateral to the muscle attachment 
downward to the posterior superior spine Muscle and bone fragments 
are retracted mesially In the sacrovertebral angle thus exposed, the 
transverse process lies It may be removed by careful dissection after 
the iliolumbar ligament and smaller muscles attached to the process have 
been divided The muscle and bony flap is then returned and sutured 
m place 

[Ed Note — The method of approach seems precise and surgical 
and avoids the really great danger to nerve roots of working in the 
bottom of a deep hole ] 

Congenital Dislocation of the Hip — The frequency of late bony 
changes following the reduction of congenital dislocation of the hip is 
attracting the attention of other investigators besides Adams ® Broca 
and d’lntignano find that the chief changes before reduction occur in 
the head of the femur, m an anteversion of the neck, and a shallow 
acetabulum During the period of immobilization the socket deepens, 
and the head and neck are modeled by pressure into varus position 
Sometimes they find that the constitution of the joint is apparently 
perfect and it would be hard to determine without previous know- 
ledge which hip had been dislocated Some patients with a poorly 
developed joint develop an arthritis 

Froehch of Nancy, in two articles, also calls attention to these 
late changes after reduction About 33 per cent of the cases he has 
studied have a normal head and neck ten years after reduction, and 
75 per cent of these are stable Three of 4 per cent of the patients have 
an arthritis resembling a caries sicca 

[Ed Note — As we have pointed out in a previous Report of 
Progress, it is important that we should at least be conversant with 
the changes which will probably take place in a majority of the reduced 
and functionally satisfactory cases As it seems likely that some of 
these changes may be attributed to the trauma incident to reduction, 
the emphasis should be placed on the importance of employing the 
gentlest methods which will successfully accomplish the replacement ] 

8 Adams J Bone S. Joint Surg, July, 1922 

9 Broca and d’lntignano Rev d’orthop 8 353 (Sept ) 1921 

10 Froelich Re\ d orthop , Oct 5, 1921, p 451, Presse med Oct 1, 1921 
p 1430 
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Coiiqcmtal Eqnwovm reports the results of a question- 

naire which lie sent to surgeons of wide experience in the treatment of 
this condition, and to which he received sixty-six replies The pre- 
ponderance of opinion favored immediate treatment of the new-born 
child by manipulatnc. retentive, and nonopeiative methods Up to 
6 monllis, tlie majonl\ favor the same nonoperatne methods without 
anesthesia len jici cent were r.idical in their view's There seems to 
be a trend awa\ from purel\ manipulative tow'ard operative methods 
in the second year of life in uncorrected cases, but these operative 
methods should be limited to tcnotoinics.fasciotoinies, and divisions of 
ligaments In the .idult ca‘'e^ all agree th.it bone operations are usually 
neccssar} Fiske considers that the most important element in success- 
ful treatment is the a\oi(lancc of all unneecssar) traumatism and per- 
sistence in maintaining .in o\er-corrcction Treatment should consist 
of manipul.ition to the iioint of loler.mce, jilaster or other mechanical 
fix.ition, lorrettivc weight -bearing, massage and exercises 


uicKXT-i \\n osTUiriTis rniKOSA 


Rtclch — Findl<n\ P.iton .ind Sharpe ha\e showm that changes in 
bone somew’h.it snnil.ir to those m rickets can be induced by feeding on 
a low calcium diet, but the condition is of the nature of an osteoporosis 
and not true iickets 'I he calcium content of the blood and of the other 
tissues, except bone is not deficient in experiinent.d rickets in dogs 
Their experiments do not support the view' that true rickets is due to 
a deficient supply of calcium to the bone 

McCollum, Siinmonds, Shipley and Park’’’ have shown that the 
addition of c.ilciuin carbon.ite to a low’ calcium diet prevents the de\el- 
opinent of the rickets-hke condition, and that the administration of cod 
livei oil not only pi events the de\elopment of rickets but brings about 
a healing of the condition w'hen it is w'ell advanced An amount of 
butter fat amply sufficient to jirotect the animals against keratomalacia 
does not prcAent the development of the pathologic condi ion of the 
skeleton just described, and they, therefore, argue that it must exert 
a verj' feeble influence in protecting the animals against the develop- 
ment of rickets-hke lesions 

Brown, MacLachlan and Simpson,’^ from a stiidj- of seven cases, 
have found that cod liver oil w'lthout phosphorus produces as regu- 
larly an increase in the blood calcium and an amelioration of t e 
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symptoms m rickets and tetany as does cod liver oil with phosphorus 
oils They conclude that if the fat intake is 4 mg per kilogram of 
body weight, fat soluble vitamin A, as contained in cod liver oil, is 
alone sufficient to prevent or cure rickets 

Hess and Gutman have confirmed the observation of Park and 
others that the lesions of infantile rickets will disappear with a daily 
exposure to sunlight over a period of a month or six weeks, although 
the diet remains unchanged They have found that the blood serum 
of infants suffering from active rickets contains a diminished amount 
of inorganic phosphates, which phosphate content rises with the admin- 
istration of cod liver oil and also with the daily exposure to direct 
sunlight These findings seem to establish a chemical as well as a 
clinical basis for the use of heliotherapy in rickets, and they believe 
them to be the first definite evidence of metabolic change m the animal 
body brought about by the solar rays 

Mellanby,^® in a well illustrated thesis, discusses the whole subject 
of rickets, except the theories of its etiology His experiments were 
carried out in a large series of puppies He considers that the preven- 
tive factors are ( 1 ) plenty of calcium and phosphorus in the diet , 
(2) certain fats identical with fat soluble vitamin, (3) meat, and 
(4) exercise The diet conducive to the development of rickets he 
considers to consist of (1) an excess of bread, cereals and carbo- 
hydrate, and (2) an excess of protein, mostly of casemogen, free 
from calcium 

Osteitis Fibiosa — Painter reporting a case in which characteristic 
lesions of this disease developed m two locations at widely separated 
intervals of time, discusses the theories of etiology In his case there 
was no determinable etiologic factor The author considers the theories 
of a low-grade inflammation or of an endogenous metaplasia to possess 
most supportive evidence Free exposure of the lesion and curettage 
to solid bone effected a cure in his case 

TUBERCULOSIS 

Tubeicnlosts of the Metataisah — Sorrel and Bouquier direct 
attention to the very frequent involvement of the first metatarsal m 
children Kirmisson and Whitman have found this bone to be invoh ed 
in more than 50 per cent of all metatarsal tuberculosis The experi- 
ence of the authors at Berck confirms these findings in eighteen out 
of thirt}^ cases If the head and base are uninvolved, the head should 

15 Hess, A F , and Gutman, M B Cure of Infantile Rickets bj Sunlight, 

J A M A 78 29 (Jan 7) 1922 

16 Mellanbv Medical Research Council, Special Report Series No 61, 
London, His Ma]estj'’s Stationery Office, 1921 

17 Painter Boston M &. S J 185 677 (Dec 8) 1921 

18 Sorrel and Bouquier Pans med 11 399 (No\ ) 1921 
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i)e pieserved as a weight-beanng pillar, but if the head is involved 
It should he removed and the great toe should always be amputated 
^\lth it Iheir results of this procedure they consider satisfactory 

7 i(hci culosi^ of {he tinkle in Adult’! — Gaenslen and Schneider^” 
consider the prognosis of tuberculosis of the ankle in adults to be very 
poor from conserwitne treatment If conservative treatment is suc- 
cessful, they estimate the necessary period to be four years A six 
monllis trial o[ conservative treatment may he expected to determine 
the efficacy of (his foim of treatment In cases in which operation 
is perfoimed earl\, they ex]>ect the })atient to he able to return to work 
m from one to two years Amputation, and even death, results far too 
often from a too long persistence in conservative treatment In their 
senes, no case of tibio-aslragaloid disease was treated conservatively 

Calve also hehe\es tliat tuberculosis of the ankle in adults demands 
the same surgical attack as tuberculosis of the knee, and agrees with 
(Tacnslen that the success or failure of conservatne treatment may be 
determined after six months’ trial, and if successful must be continued 
for four } ears 

Tiihc! culou! of the Knee in Cliildicn — Vignard and Comte have 
become couMUced that the operative procedure which they describe 
} lelds better results in tuberculosis of the knee joint in children than 
conservatne treatment They proceed on the assumption that the 
focus of disease is primary m the bone and invades the synovial 
membrane onl} secondanl)'' Their method of attack is to scrape out 
the tuberculous tissue in the epiphysis, leaving merely a shell, which 
they fill under tension with Mosetig-Moorhof paste, using special metal 
tubes w'lth a piston to force in the wax after the epiphysis has been 
curetted Fourteen cases in which this operation has been performed 
since 1919 seem to confirm them in the opinion of the advantages of 
this procedure Five at this time show almost normal motion and six 
seem entirely quiescent with stiff joints 

Vignard and Vincent,-" writing on the subject of tuberculous knees 
ankylosed m flexion, advocate osteoclysis rather than supracondylar 
osteotomy for the coriection of the deformity They say that after 
three years of clinical cure this procedure may be employed without 
danger of lighting up the disease and possesses the advantage of not 
shortening the limb It does not matter whether the ankylosis is bony 
or fibrous The bone is fractured usually within the capsule at tie 
most prominent portion of the curvature 


19 Gaenslen, F J, and Schneider, C C Treatment of Tuberculosis of 
Ankle m the Adult, J A M A 77 1168 (Oct 8) 1921 

20 Calve J Bone & Joint Surg 4 33 (Jan ) 1922 ,, 

21 Vignard and Comte Arch franco-beiges de chir, Octoie , 

22 Vignard and Vincent Rev de chir 59 153, 1921 
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[Ed Note — Although the Editors have had no personal experi- 
ence with this method, it seems to them to involve a trauma not 
necessary in a linear osteotomy The method seems unsurgical and, 
at least, on theoretical grounds, dangerous ] 

Tube) culosis of the Hip — Fish in observing 175 patients admitted 
to the Massachusetts State Hospital School at Canton, has been sur- 
prised at the woful lack of uniformity in treatment which these 
patients have received On admission to the school, they have been 
treated by the Bradford ahduction splint (Thomas ring knee splint 
with abduction arm) Fish has been impressed with the success of 
this treatment in preventing deformities, and advocates its more gen- 
eral employment when the disease is active 

Tiibei ctdosis of the Spinal Coid — Browning-^ reports a case which 
he states is the eightieth on record of tuberculosis of the spinal cord 
At necropsy the cord was enlarged at the level of the eighth dorsal 
vertebra At this level the cord was destroyed and in a semifluid 
condition for some distance above and below this segment A grayish 
nodule, about the size of a small navy bean, was compressing the 
cord beneath the meninges The tumor was firm and shelled out easily 
The microscopic examination revealed tuberculous granulation tissue 
[Ed Note — The Editors have observed a case of tuberculosis 
of the spine with resistant and progressive paraplegia in which a lami- 
nectomy was performed At operation, a firm mass of tuberculous 
granulation tissue was adherent to the dura and compressed the cord 
The removal of this mass was soon followed by an improvement in 
the paraplegia symptoms, which improvement has continued more than 
a year These findings may suggest the wisdom of performing more 
frequent laminectomies in cases of Pott’s paraplegia which do not 
yield to treatment by recumbency and hyperextension, especially if a 
combined cistern and lumbar puncture (method of Ayer) demons'^rates 
a complete block ] 

REPORT OF COMMISSION APPOINTED BY THE AMERICAN ORTHOPAEDIC 
ASSOCIATION TO INVESTIGATE THE END-RESULTS OF ANKYLOSING 
OPFRATIONS ON THE SPINE FOR CURE OF TUBERCULOUS CARIES 

The commission regrets the great laxity in keeping records which 
their study of the cases in the different clinics revealed They express 
no opinion as to the relative merits of the inlay bone graft methods 

23 Fish Surg , Gynec &. Obst 34 79 (Jan ) 1922 

24 Browning Med Rec 100 1021 (Dec 10) 1921 

25 Brackett, Baer and Rugh (Commission) J Orthop Surg 3 507 (Oct ) 
1921 
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and the fusion o])er<itions The conclusions of their investigation are 
as follows (1) Ankylosing operations cannot be depended on to 
prevent increase of deformity or bone destruction, especially in chil- 
dien (2) Theie seems to be a favorable influence on acute symptoms 
exerted by the operation (3) The operations apparently had little 
effect on the fusion of the vertcbr.il bodies (4) Too little informa- 
tion was secured from the records of the cases observed to warrant 
. 111 } conclusion as to the eftect of the opeiation on abscess formation 
rind p.ir.ilysis Their impression from inform.-ition received was that 
the eftect of the ojiciation w.is to lessen .ibscess formation and para- 
])legia (5) 'I he operative risk from an operation of this gravity 
appears to be sm.ill (6) 4 he mort.dit} c.in be judged only from a 
large senes In one group of 137 cases there were sixteen deaths, 11 68 
})cr cent 4 luce deaths occurred within two months of operation, six 
at kiter periods from tuberculous meningitis or pulmonar}' tuberculosis, 
and seven from intercurrent diseases (8) They express the opinion 
that the operation, if it is performed, should be regarded as an incident 
only in the treatment of this disease, and fixation and supportive 
mechanical treatment should be carried out for a sufficiently long time 
to afford oppoituniU for the ultimate fusion of the vertebra 

[Icn Norn — It would seem prob.able. from this c.areful review of 
the end-results of such cases as ha\e been sufficiently well recorded 
to be of v.ilue, that successful ankylosing operations on the spine of 
older children and adults may be expected to exert a favorable influence 
on the course of the dise.ise and perhaps lessen the tendency to abscess 
formation and parajilegia In the opinion of the Commission they 
cannot be trusted to cure the disease or even prevent increase m the 
deformity unless supiilemented by the older well established, external, 
immobilizing methods, such as recumbency and brace treatment ] 

s\pniLis 

SvpJnhlK Aiihuiis — Broca calls attention to the great frequency 
of failure to diagnose chronic syphilitic disease of the joints In 
nineteen out of twenty cases of syphilitic disease of the knee joint, the 
diagnosis of tuberculosis had been made He describes a number of 
typical cases, emphasizing the importance of the Bordet- Wassermann 
test in cases of hydrathrosis and arthritis without effusion, especially 
in the knee The lesions are commonly bilateral, indolent, and show 
alternating periods of improvement and aggravation, not serious y 
interfering with ordinary life 


26 Broca Presse med 29 873 (Nov 2) 1921 
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Dufour reports his tenth case of chronic arthritis deformans in 
a syphilitic patient The tjpe is a torpid one and appropriate treat- 
ment IS usually begun too late to cure completely, though it greatly 
benefits 

Dupont points out the multiplicity of manifestations in syphilitic 
joint disease and the mtermittence of symptoms He behe\es that 
trauma often initiates a syphilitic process m a joint, and in nearly all 
the cases which he has encountered a diagnosis of traumatic or rheu- 
matic or gonococcal or tuberculous joint had been made 

PARALYSIS 

The Use of Elect} ictty — Bordier is convinced that it is most 
desirable to keep the limbs affected by poliomyelitis as warm as the 
unaffected members, arguing that the nutritive exchanges will thereby 
be rendered normal and atrophy of the bones and muscles prevented 
He considers that diathermy is the best method of maintaining the 
temperature, the limb being wrapped in a ventable mattress of cotton 
or wool to prevent loss of heat by radiation He also advises the use 
of rhythmic and reversed galvanism of the muscles showing complete 
or partial reactions of degeneration 

[Ed Note — Bordier’s point of maintaining the temperature of the 
affected limbs may be well taken, but the experiments of Professor 
McLeod (University of Toronto) with limbs of ammals paralyzed by 
section of the nerve, for example, the sciatic, and immediately sutured 
should give us pause m the employment of galvanism His work has 
seemed to demonstrate that the symmetrical limb in the same animal not 
treated by electricity recovered somewhat more quickly than its treated 
fellow and that it was quite possib’e to fatigue unfavorably a muscle 
cut off from its central nerve supply by too much electrical stimulation ] 

The TJmd Year vi Infanhle Paralysis — Lovett’s^® careful records 
of 180 rather severe cases occurring in the 1916 epidemic and followed 
closely are of great value The muscles of the arm, back and abdomen 
showed greater improvement than those of the lower limb, and their 
improvement was fairly continuous The musc’es of the leg often 
showed loss of power during the third year The chief cause of this 
was the development of deformity, which occurred m spite of every 
care on account of the lack of muscle balance The loss of power was 
evident in contracted and stretched muscles and others which did not 

27 Dufour Bull Soc med d hop de Pans, Julj 22, 1921 

28 Dupont Rev de chir 59 264, 1921 

29 Bordier Arch Radiol S. Electroth 26 215 (Dec ) 1921 

30 Lo\ett R W Third Year in Infantile Paraljsis, J A III A 77 1941 
(Dec 17) 1921 
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funtlion well aftct st.ibtli/ing operalions Over- fatigue by walking 
was lesponsible in a few c.ises for a loss of power Lo\ett concludes 
that defoimU), stretching and fatigue me the chief obstacles to the 
successful tieatmcnt of pobonnelilis 

Ea)ly TuaimnU of Infantile Paialyu^; Baml on Phymlogic Indica- 
tion'; Feiss " suggests that on physiologic grounds voluntary and 
assisted motions of the .iftectcd limbs arc indicated in the early acute 
stage of poliomyelitis He has had no opportunity to test this theory 
in tiny consideniblc number of cases 

fFi) Non It Mould seem to the Kditois that this suggested 
method ot tiCfitmcnt is conti<undic<itcd bt most of our experience in 
the treatment of <icute c.ises Perhaps the method may veil be held 
oP; jiuhcc until its success has been demonstrated m a large number 
of cases ] 

Lnd-R( lults of Ofciatnc Pi ocedin ei — Gill has studied the end- 
results of operatne procedures for the improvement of function in 
t.ises of pohomvehtis, with especial reference to the results of tendon 
ir.mspiant.itions m the cases .it the Widcner framing School for 
Ciijipled Childien m Philadcljihi.i One of the important causes of 
failure has been the fact that the transplantation has not been sufficient 
to stabili/c the foot lie urges the moie frequent employment of 
horizontal transverse section through the subastragaloid joint, Mith the 
displacement of the foot backward He considers 7 to 8 years the 
favor.ible age foi operation 

Hoke’'; Stabilising Opciatwn — Hoke,"*’ frankly admitting that no 
one can convert .i p.ir.il}tic deformed foot into a normal one, considers 
that the results of oper.itive procedures may be reasonably expected 
to bring about the following desiderata (1) natural appearance in 
shoes, (2) stabilization, so that the patient null not turn laterally on 
the long axis of the foot \vhen the patient is standing oi walking, 
f3) stability in the natural or nearly natural attitude, so that they do 
not need braces to hold tliem so, (4) the presentation of no gross 
deformity when barefooted Ploke considers that tendon trans- 
pkintations have been largely distinguished by then failures The 
fix.ition of tendons to bone to produce stability is, in his opinion, 
unmechanical m principle, and he has not attempted to attain stability 
by this method Hoke bases his operations on a knowledge of the 
aichitectuie of the foot, the most important structure of which he 
considers to be the head and neck of the astragalus The chief feature 

■"TTf^ H O Treatment of Early Infantile Paralysis as Based on 
Physiologic Indications, J A M A 78 85 (Jan 14) 1922 

32 Gill T Orthop Surg 3 677 (Dec ) 1921 

33 Hoke J Orthop Surg 3 494 (Oct ) 1921 
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of his operation is the removal of the head and neck of the astragalus 
through a curved lateral incision, reshaping it and perhaps denuding 
it of cartilage as the architecture to be corrected requires, and then 
replacing it Judgment and experience are obviously required iU 
reshaping this key bone m the different types of paralytic clubfoot, 
dropfoot, flatfoot and their combinations The articular surface of 
the scaphoid and the superior surface of the os calcis are denuded of 
cartilage, assuring an arthrodesis If there is much torsion of the tibia, 
causing rotation of the lower leg and a backward position of the 
external malleolus, an osteotomy of the tibia is performed in its upper 
third Hoke has been able to observe the end-results of fifty-four of 
his 104 operations of this type, from six months to three 3 ’’ears after 
the operation In one case a second operation has been performed 
All the other patients possessed stable feet when observed 

[Ed Note — Hoke’s illustrations are very impressive Some of 
the Editors have seen many of his end-results and consider them most 
satisfactory The flexibility and normal appearance of the feet are 
quite striking His methods seem to the Editors to warrant a more 
extensive trial by other surgeons ] 

Opciatwn foi Valgus Feet — Roberts®^ has devised an operation 
for selected cases of paralytic valgus These are cases in which there 
IS either no power or a negligible amount of power m the anterior 
tibial muscle and an overaction of the common extensor and the 
peroneals The Achilles tendon is lengthened if necessary An anterior 
incision IS made from the junction of the lower and middle thirds of 
the leg to the annular ligament The anterior tibial is divided at the 
junction of its tendon and muscle, overlapped and sutured with the 
foot m slight varus and dorsiflexion The common extensor tendon 
IS divided at the annular ligament, the distal end left free, and the 
proximal passed through two slits, being woven into the anterior tibial 
tendon, and sutured thereto He reports forty cases with satis factor} 
results and frequent return of power of the anterior tibial muscle 
Mayer has divided paralytic flatfeet into four types ( 1 ) impair- 
ment but not total loss of power of the tibialis anticus Treatment 
consists in correction of the deformity and treatment by brace and 
exercise (2) Tibialis anticus completely paralyzed and weakness of 
the other invertors Treatment consists in mild cases of transplanting 
the extensor longus hallucis to the dorsum of the foot, in more severe 
cases the peroneus longus being brought forward to replace the tibialis 
anticus (3) Tibialis anticus and tibialis posticus both parahzed 

34 Roberts P W Operation for Valgus Feet J A. A. 77 1571 (Koi 
12) 1921 

35 Maier J Bone S. Joint Surg 4 39 (Jan ) 1922 



424 


ARCH! FES OF SURGERY 


Mayer believes that no treatment by means of transplantation of ten- 
dons alone is satisfactory, mcltiding the Whitman loop operation (4) 
All invertois of the foot, including the gastrocnemius, paralyzed After 
a hone stabili/ation of the ankle, Mayer divides, but does not trans- 
plant, the tendons of the peroneals and toe flexors 

fltn Not I — It has seemed to us that in this fourth type, after an 
astrag.dectomy or suhastragaloid stabilization, the tendons of the pero- 
ne.ils may he s.ifely transplanted into the os calcis, being no longer 
needed for lateial support] 


AUTIIRITIS 

iMaxwiuvi Fai Feeding in Afit/ni/iv— Wright and Hubbard advo- 
cate a /O to /5 per cent fat diet m cases of chronic arthritis They 
hav’c found only slight traces of acetone bodies in the excreta Response 
to this diet must be carefully checked by urinalysis, but m this way, 
diets containing minimal amounts of carbohydrates may be administered 
while the body weight is maintained 

Aciiic Condition of Joints — Ober,^' after a long war experience, 
advises against a loo quick abandonment of immobilization in septic 
knee joints By no means all septic joints treated by a bent Thomas 
splint and with careful attention to minor detail become stiff Surgical 
interference must be gentle and precise Passive manipulation, frequent 
irrigations, and too frequent changing of the dressing all tend, in Ober’s 
opinion, to prolong the septic process 

Some interesting facts and figures have been brought out by Col- 
lings’ study of 517 cases of gonococcal arthritis m the Bellevue 
Hospital wards If a patient has once suffered from a gonorrheal 
arthritis and receives a reinfection, a return of the gonorrheal arthritis 
may be expected Seventy-five per cent of the cases of gonorrheal 
arthritis develop within fifteen days of the urethral infection The infec- 
tion IS usually multiple Trauma and preexisting chronic arthritis pre- 
dispose Collings has been dissatisfied with the relief afforded by vaccines, 
serums, drugs and operations on the seminal vesicles In a recent 
series of twenty-six cases, m addition to removal of obvious pyogenic 
foci and general measures, heavy plaster casts were applied and the 
patient anchored in bed by them These casts have been split after 
two weeks , the joints exercised, and the cast reapplied for two weeks 
more, followed by baking, massage and exercises If this treatment 
IS started early, excellent results may be expected None of these 


36 Wright and Hubbard New York State T Med 21 403 (Nov ) 1921 

37 Ober I Orthop Surg 3 689 (Dec) 1921 , ^ . t A M 

38 Collings, C W Cast Treatment of Gonorrheal Arthritis, J a 

77 1789 (Dec 3) 1921 
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joints became ankylosed or required arthrotomy The relief has been 
permanent m seventeen of the cases followed Of his 517 patients 
treated by other methods, 290 Avere discharged improved, sixty were 
considered cured, five by operation , thirty-seven were unimproved, and 
100 were sent to other hospitals or left the hospital at their own risk 
Ballenger and Elder have been treating gonococcal arthritis for 
several j^ears by withdrawing, by aspiration, fluid from affected joints 
and injecting from 15 to 50 cc, intramuscularly, from every two to 
seven days In acute cases, they report prompt improvement and 
remarkable cures They state they have abandoned other methods or 
treatment, such as serums, local applications and fixation There has 
been accompanying improvement m other complicating conditions, such 
as epidymitis, prostatitis, posterior urethritis and seminal vesiculitis 
Excellent results in twenty-seven cases are detailed They consider this 
a preliminary report and reserve their discussion for a later communica- 
tion They also state that m sixteen cases of traumatic arthritis in 
Avhich they employed the same method, these cases made more rapid 
recoveries than in a control series m which the joint fluid Avas simply 
aspirated, but not injected 

Dufour, Thiers and Alexewsky reported, a year ago, six cases 
of puru’ent arthritis rapidly and completely cured by three aspirations 
and injections of 0 6 cc of the aspiration material, subcutaneously 
One patient recovered in four days after a single injection of 20 c c 
Sieur has observed the resuTs obtained m blennorrhagic arthritis 
by the injection of a serum prepared by himself The injections are 
given daily for four days The first day 0 5 c c is given , the second 
day, 1 cc , the third, 15 cc, and the fourth, 2 cc Joint motion 
Avas preserved 

[Ed Note- — -The Editors have had no experience Avith this method 
of treating purulent arthritis No explanation is offered by the authors , 
but coming from Avidely different sources, tbe reports merit attention 
and perhaps a trial of the method ] 

Coxa Plana {Legg-Calve-Po thes Disease) — Cah^e ■*- deduces cer- 
tain conclusions as to the etiology of osteochondritis of tbe hip joint m 
children, or coxa plana, as he prefers to call it, from a case in Avhich 
roentgenograms Avere available more than a year before the onset of 
symptoms The case Avas folloAved by roentgenograms, taken tAvo and 
one-half years after the onset of symptoms The conclusions are 
(1) The affection is not congenital (2) The phase of imasion of the 

39 Ballenger and Elder Surg, Gjnec & Obst 33 574 CNoa ) 1921 

40 Dufour, Thiers and Alexewskj Pans med 11 472 (Dec ) 1921 

41 Sieur Pans med 11 340 (Oct 29) 1921 

42 Cal\e J Orthop Surg 3 489 (Oct) 1921 
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epiphyseal miclens is l.itent from the clinical point of view (3) The 
clinical ]ihase. corresponding to the period when the child first begins 
to complain of pain is considerably later than the real beginning of the 
trouble (4) At the beginning of the clinical phase, there is a cor- 
responding loentgenogram showing an established and characteristic 
lesion, n,ime’} a laminated and fragmented epiplnsis (5) The regen- 
er.ition of the osseous epiphyseal nucleus occurs progressive!) as the 
osseous fiagments augment in \olume, .ind reunite finall) forming one 
single mass This regeneration continues, and there is a tendency to 
a leturn of normal form Ctdvc believes that the condition represents 
an acr|Uired articu'ar m.il formation, ch<iracteri7cd b) a flattening of 
the upper femor.il epiplnsis 

Murk lansen,''' on the other hand, behe\es the etiolog) of coxa 
plan.i ma) be txiikiined In the law's of bone grow'th, formation and 
deformation lie considers the condition congenital, developing only 
after some ^cars of walking He has noticed that the wndening of 
the femoial neck precedes the characteristic flattening and cleavage 
of the cpipliNscal hone center He has noticed also that coxa plana 
often de\ clops .t short lime after infectious diseases, the injurious agents 
of w'inch ha\c, in his opinion, temporarih enfeebled the pow'er of 
grow’th of tile bone and contributed to its plasticity The association 
with congenital disloc.ition of the hip is mentioned and the condition 
often follow's reduction The signs of local infection Jansen considers 
to be absent 

Mouchet ■" .ilso regards the condition as a disturbance of growth 

Vulhet ' applies the name dvstrophia to this condition and places 
It in the same class as lesions of the tibial tubercle, scaphoiditis, and 
.ipophysitis He notes Us indolence and its spontaneous functional 
recovery 

HypcilJopluc 01 Dcgciiciatii'c Aitfnitn oi Osfco-Aifhiiti '! — Ely 
calls this form of arthritis the second great type The essential pathol- 
ogy, in his opinion, is an .iseptic necrosis in the bone marrow near 
the joint surface He assumes infection to have been originally present, 
but to have died out The dense eburnated bone is the wall nature 
builds up betw^een the diseased area and the joint, and the cartilage 
degenerates and w'ears off The condition is more frequent in men 
than in women and is a disease of later life Ely has found an almosu 
constant association of infection m the alveolar processes and believes 
that the first step in treatment should be the removal of a c en a 
foci of infection 


43 Jansen J Orthop Surg 3 706 (Dec ) 1921 

44 Mouchet Medecine 3 27 (Oct ) 1921 

45 Vulhet Rev med de la Suisse Rom 40 806 (July) 1 

46 Ely California State J M 19 415 (Oct ) 1921 
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A later report of Ely, Reed and Wyckoff announces the discovery 
of an ameba m the cavities which he has described in a freshly removed 
head of the femur The presence of this ameba has been confirmed 
by Kofoid, and experiments are in progress to determine whether 
satisfactory proof can be established which will connect this ameba 
with the disease in an etiologic relation 

At a recent meeting of the British Orthopaedic Association, an 
important and lengthy discussion was held on the operative treatment 
of osteo-arthritis of the hip The views expressed were varied, but 
no surgeon present was inclined to be dogmatic concerning either opera- 
tive treatment in general or any special operative procedure It was 
generally agreed that the degenerated, overgrown, often mushroomed 
head of the femur, seen so often as a result of the chronic arthritis 
of later life, presented the most serious problem of treatment 
Elmshe believes that in this type arthrodesis is a better operative pro- 
cedure than excision Sir Robert Jones also cautioned against excision 
in the older cases, considering it accompanied by too much shock 
Aitken, in closing the discussion, stated that it seemed to be the con- 
sensus of opinion of those present that if motion was the end sought 
by operation, a free excision was more likely to afford a satisfactory 
end-result in these cases than was a more formal arthroplastic operation 

NEOPLASMS 

Saicoma of Bone — Greenough, Simmons and Harmer^® ha\e 
reviewed the 148 cases of patients with what was supposed to be bone 
sarcoma admitted to the Massachusetts and the Huntington Memorial 
hospitals for a period of ten years Adopting Ewing’s classification, 
they found twenty-seven cases of the osteogenic type , twelve cases 
of benign giant cell tumor , one case of angiosarcoma , three cases of 
myeloma, m which full and conclusive data were available A historj' 
of trauma was more frequently obtained in the osteogenic type than 
in the other types, ten out of twentj^-seven Spontaneous fracture 
was common 

The roentgenograms are quite characteristic in the ordinary perio- 
steal variety of osteogenic tumor, with its new periosteal bone and 
raylike appearance, but five of their osteogenic cases showed the 
tumor to be of central origin, with no obvious new growth beyond the 
cortex, and very like, in roentgenologic appearance, a giant cell tumor 
In two of their cases, there was little evidence of new bone formation 
and some evidence of bone destruction, resembling rer} closeh a 

47 El>, Reed and Wjckoff California State T M 20 59 (Feb) 1922 
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49 Greenough, Simmons and Harmer J Orthop Surg 3 602 (Xo\ ) 1921 
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metastatic c.mcei oi an osteomyelitis The characteristic cell of the 
fundamental tissue is the spindle cell fibroblast, the progenitor of bone 
foimmg tissue 1 he> lepoit three (since publishing only two) apparent 
Clues without known lecurrence from twenty-thiee amputations or 
ladical remoc.il m osteogenic saicoma One of these uas of the jaw 
I he average duiation of life in jiaticnts dying of recurrence was 115 
months I hey ha\e observed no material benefit from treatment by 
Colei’s serum m foui cases They agree with Bloodgood as to the 
benign natme of this condition, with no tendency to metastasis The 
tisMic IS comjiosed of fairly typical fibroblasts and large numbers of 
endothelial foreign bod) giant cells, which dominate the picture New 
bone production is not characteristic Thorough local extirpation is 
advised In the thice cases of myeloma prmed by microscopic exam- 
ination the picture was of jilasma cell m\eloma Two were apparent 
instances of single foci of the disease No Bence-Iones bodies were 
c\ei dcmonstnitcd m the unne of these patients 

Il.iimcr,''' wilting independently on bone sarcoma, urges the 
coopeiation of all suigeous with the Registry of Bone Sarcoma, which 
has been established by the American College of Surgeons under Cod- 
lUiin, Bloodgood and Ewing Information may be obtained from Dr 
E \ Codimm. 227 Beacon Street, Boston, Mass 

Barrie still maintains that the so-called giant-cell benign tumors 
have few, if any, characteristics wdnch entitle them to be classed as 
sarcomas Se\cnty-fi\e per cent of Barrie’s forty cases suggest trauma 
as the etiologic factor In no case m wdnch ossification had not 
occuried, that is, m the youthful cases, had there been a penetration 
of the epiphyse.il cartilage He urges that these lesions be classed as 
osteomyelitis, and uses the term hemorrhagic osteomyelitis 

Turner reports two cases of myeloma of the vertebrae which 
came to necropsy The course in one had been progressive, with severe 
pam, emaciation, moderate cachexia, diarrhea and coma, m the other, 
there had been paiaplegia, cystitis and death The roentgenograms 
had showm extreme atrophy of the bodies, woth narrowing and flatten- 
ing, but no disturbance of the intervertebral disks 

Morrison records an appaient cure by roentgen-ray therapy of a 
case of osteosarcoma of the femur with metastasis A section for 
microscopic examination had been removed from the femur, but no 
attempt had been made to eradicate the disease Later there was a 
fracture of the femur There were metastases in the left frontal an 
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right occipital regions The frontal lesion was incised and drained 
and yielded more quickly to the same dosage of radiation than the 
occipital lesion 

OSTEOMYELITIS 

Osteomyelitis Secondaiy to Compound Fiactwe — Mebane has 

analyzed 359 cases of chronic osteomyelitis secondary to compound 
fracture encountered at Fort Sheridan from August, 1919, to August, 
1920 More than half of these required further operative work, 143 
bone operations, fifty-six plastic operations, and thirty-six drainage 
operations for abscess About 10 per cent were still unhealed after 
two years of hospital treatment In this series, chronic osteomyelitis 
of spongy bone, that is, of the epiphyseal portions of the long bones 
and of the carpal and tarsal bones, was more difficult to cure than 
osteomyelitis of the compact shaft of the long bones His conclusion 
IS that in extensive tarsal involvement, if healing has not taken place in 
SIX months of efficient treatment, amputation is to be advised, and he 
holds the same view in relation to epiphyseal osteomyelitis when resec- 
tion IS impracticable Osteomyelitis of the femur seems the most 
difficult to cure Forty-five per cent of the unhealed cases involved 
this bone The operative measures which gave the best results were 
careful effacements and partial closures Thorough surgical procedures 
are more important than the employment of chemicals at the time of 
operation Refracture is a common sequel, but union is the rule 
Nonunion occurred m only two of the fourteen cases of refracture 
Unusual Bone Involvements — Duguet®® reports a case of osteo- 
myelitis confined to the patella The joint was aspirated and a negative 
culture obtained Two fistulas occurred and later a sequestrum was 
removed from the patella without signs of infection of the joint There 
was some separation of the cartilage from the bone, and excel- 
lent function resulted with a normal gait Little bone regeneration 
occurred and atrophy of the quadriceps persisted 

Valentini^” reports a case of osteomyelitis (mixed Staphylococcus 
aw cits and streptococcus, involving the fibula only) He can find onh 
four other cases reported in the literature Two large sequestrums 
were removed , the cavity of the bone curetted, and prompt healing 
took place 

Geist ’’ has encountered six cases of osteomyelitis of the pehic 
bones, five of them in children In onlj one case was the hip joint 

54 Mebane T Bone &. Joint Surg 4 67-77 (Tan) 1922 
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involved latei Three cases involved the ilium, two the ischmm and 
one the pubes All the {latienls recovered after surgical interference, 
witli pel sisting sinuses in only two cases In all the cases, there were 
an acute onset, lever and pain referred chiefly to the Iiip and leg 
Jones *’ repoits a t}picai case of the sclerosing, nonsuppuiative 
osteoni) elitis descnbed by Garre in 1891 He considers the condition 
a distinct cntil} In most cases the onset is acute, accompanied by 
fc\er, sucliing of the aflccted hmb, ])<un at the site of the bone lesion, 
and infiltration of the soft parts, without reddening of the skm At 
opeiation no pus is found and the process is chiefly a proliferative 
one the medulla being concerted into a sclerosed mass of bone The 
cultures weie negatice and the microscopic examination revealed only 
sclerosis Pam was lelicced by opening the sclerosed mass into what 
was foimeil) the medulla Concalescence w'as uneventful The condi- 
tion may well be confused with scphilis, the solid t 3 'pes of osteitis 
fibrosa and ‘>arcoina Jones hazards the ojnnion that some of the cases 
of osteogenic sarcoin.i repoiled as cured bj amputation represent 
this condition wiongh diagnosed 


SLUG! in 01 IlONHS, JOINTS AND TENDONS 


Bone Tiansphiniaiton — Nathan*'' discusses the biology^ of bone 
dcvclojnnent He affirms the oiigmal conclusions of Ollier and con- 
siders the dncisitics of opinion wdneh have since arisen to be due 
not to diftcrenccs m actual expciimental findings, but simply to a 
confusion of tenns Nathan is convinced that bone dies when trans- 
planted, w'hethcr supplied w'lth periosteum or endosteum, neither or 
both Bone is jiroduced only bv those cells called osteoblasts These 
cells are confined to the cambium layer of the periosteum or endosteum 
and are found to some extent in the bone marrow When the trans- 
p’ant consists of bone denuded of both periosteum and endosteum, 
osteoblasts can come only from the living bone into which it is 
implanted On the other hand, the grafts which contain these structures 
are already supplied wntb osteoblasts and these cells are excited to 
prohfeiation when m contact with dead bone Thus, the regenerative 
piccess is greatly increased m rapidity and extent, and the chances 
of development of new bone before the transplanted bone is completely 

absorbed are gieatly enhanced 

McWilliams’ study of 1,390 cases of bone grafting reports 
per cent of success and 17 6 per cent of failures The percentage o 
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successes by different methods was as follows (o) simple bone 
pegs, 95 8 per cent , (b) osteoperiosteal method (Delangeniere) 87 3 
per cent , (c) end-to-end without inlaying, 82 5 per cent , (d) inlay 
method, 80 9 per cent , (e) mtermedullary method (Murphy), 76 6 
per cent , (/) combined mtermedullary at one end and inlay at the 
other, 60 per cent The statistics seem to show that the presence or 
absence of the periosteum of the graft makes no difference in the 
likelihood of success Thirty-two per cent of the infected cases 
were successful , but suppuration is the commonest cause of failure 
Failure to immobilize sufficiently thoroughly, and for a period of from 
four to SIX months appeared to be a second common cause of failure 
The most successful method seems to be the osteoperiosteal method of 
Delangeniere, the defect being filled m with bone chips, and one or 
two strips of periosteum with adherent osseous plaques taken from 
another bone being laid m, covering the bone chips and overlapping the 
ends of the fragments The method is applicable to both large and 
small defects The intramedullary method of grafting should be dis- 
carded, m McWilliams’ opinion There would seem to be sufficient 
evidence to prove that the most effectual treatment of nonunion of 
fractures is bone grafting 

Fieschi reports a case of removal of the entire ulna, except its 
upper epiphysis, for tumor, and the substitution of a similar portion 
of the ulna from a cadaver, sterilized m an autoclave The wound 
healed by first intention, but m spite of this fact and the mechanical 
need of substitution, the host never ceased to attack the foreign body, 
and m forty-two months roentgenograms revealed complete absorption 

Tendon Tiansfci encc — Starr’s conclusions from a study of the 
end-results of fifty-two operations of tendon transference which he 
has performed for the relief of war injuries, chiefly m irreparable 
nerve injuries in the arm, are valuable (1) So far as possible, muscles 
having similar action to the ones they are to replace should be employed 
(2) If only a portion of a muscle is to be employed, it must have the 
same action as the muscle it is to replace (3) The line of pull should 
be as straight as possible (4) The fixation of the muscle should be 
made with a good deal of tension (5) Bony deformity due to contrac- 
tion of tissues should be overcome before the transfer of muscles is 
attempted (6) Tendons should run in fatt} subcutaneous tissue 
rather than in the sheath of other muscles (7) In the loi\er extremit\ 
transferred tendons should be inserted into bone or periosteum in 
the upper extremity, thev maj safeh be attached to paralyzed tendons 

61 Fiesclii Chir d org d moMinento 5 359 (Aug) 1921 
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(8) Linen thicad is the best malcnal for suture, and the fixation of 
tendon to tendon must be adequate (9) Innnobih.ation for three 
weeks should be (he rule and then muscle training begun 

Henderson has em])lo}cd the tendon of the peroncus longus to 
make good a defect in the triceps tendon, interlaying it into the triceps 
muscle .ind inserting it into (he jiroximal end of the ulna He finds 
the lesults c|Uite satisfactorc and the peroneus brevis and tertius have 
been strong enough to jircservc the stability of the foot 

Coitial Bone Abucss — McWilliams'’^ cjiiotes Broclie’s original 
article to jirovc that the condition he described (Brodie’s abscess) 
was not a tuberculous abscess <is he siijiposed, but a pyogenic one 
Of 115 cases of chronic suppurative osteomyelitis treated at the Pres- 
b}teiian Hospital in sc\en 3 ears, onl) three represented true Brodie’s 
abscess I lie) are treated successful)} by opening, cleaning them out, 
partially closing them, and treating (hem by surgical solution of 
chlorinated sod.i (C.irrcl-Dakm technic) until (he smears show no 
organism when the} are closed by secondary suture He calls attention 
to the fact that the roenlgcnogrutns may fail to show' any more cen- 
trally located lesion because the surrounding bone is sclerosed, and 
he advoc.iies c\]iloring an} tender swelling of bone m wdiich traumatic 
periostitis syphilis cyst and neoplasm can be ruled out 

Spjoin Fiactine luboclc of Tibia (O^good-Sclilafta) — SoherH® 
.ind Soule"’ both report successful treatment of these partial detach- 
ments or traumatic epiph} sites of the tibial tubercle by driving a 
bone peg through the aflected tubercle into the tibia 

|En Non: — \\ e h.ice no doubt of the success of this measure, but 
w'c Live }et to see a typical case m which a quick and permanent rehef 
fiom symjitoms c.innot be attained by adhesive plastei strapping main- 
tained for fiNC or SIX weeks the patient being allow'ed to be about 
on his leg We do not consider a true sepaiation of the tubeicle m 
an adult a typical case of this syndrome Bone pegs and more complete 
fixation may w'ell be adnsable in these more secere mjunes, but in the 
ordinary adolescent case ive may peihaps choose the less elaborate and 
less laborious of tw’o ecpially successful methods of therapy ] 

Shoiildci and Ann DiTOhi/i/ie,? — bteindler has again studied the 
end -1 esults of his operative piocedures for shoiildei and arm dis- 
abilities He IS giatified at the results in his cases of aithrodesis of 
the shoulder, which he believes may be successfully accomplished as 
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early as 6 years of age, by making a curved incision from the spine 
of the scapula to the coracoid process, dividing the acromion and reflect- 
ing it with the deltoid muscle, which gives an excellent approach to 
the joint He recommends fixation at a right angle to the body m 
the neutral position m children Stemdler is also continuing to perform 
his operation of transplanting the whole origin of the flexor group of 
muscles in certain cases of arm paralysis to a point 2 inches (5 cm ) 
higher up, holding the arm in acute flexion for two months and begin- 
ning massage and exercise in the third week The best results were 
obtained when the operation was combined with arthrodesis of the 
shoulder or wrist 

Posfct olateial Incision foi Removal of Loose Bodies fioin Postei'oi 
Compaitment of Knee Joint — Henderson,®® finding the straight, pos- 
terior, median incision of Brackett and Osgood difficult to make in 
fat patients and requiring careful dissection to avoid injury to the 
vessels and nerves, has approached this deepl)’^ placed compartment of 
the knee by lateral incision The patient lies on his back and the knee 
IS flexed For a mesial approach, the incision is just in front of the 
relaxed tendons of the sartorius, gracilis, semitendinosus and mem- 
branosus muscles For a lateral approach, the incision is in front of 
the line of the fibula 

[Ed Notc — We still consider that the median posterior incision 
affords, except perhaps in very fat patients, a more complete exposure 
to all parts of the posterior compartment of the knee joint The 
danger of wounding the vessels and neni^es is hardly to be feared These 
structures may be easily, without undue trauma, retracted to the outer 
side ] 

Reconsli iiction of the Lateial Ligament of the Knee Joint — 
Wilson,®® in a well illustrated article, describes the details of an opera- 
tion which he has performed successfully m tvo cases of torn internal 
lateral ligament of the knee This consists in turning down a wide 
flap of fascia lata, three times as broad as is required, and after haiing 
folded it on itself, inserting it into the bone of the femoral condole 
and tuberosity of the tibia by raising osteoperiosteal flaps and suturing 
them over the insertion of the fascia Wilson states that persistent 
abnormal abduction of the leg in extension, without abnormal antero- 
posterior or lateral mobilitj' in flexion, is probabh due to laceration of 
the internal lateral ligament Persistent mstabilit\ due to laceration of 
the internal lateral ligament will require correction b\ siT-gical 
procedure 
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Special Knife foi Removal of Meniscus of /Cnee —Freiberg has 
devised a special knife to facilitate the removal of the posterior por- 
tion of a meniscus of the knee joint The knife has a cutting edge at 
an angle of 135 degiccs with the shank, its end being rounded instead 
of pointed, so that one may cut with the extreme end of the knife as 
well as with the blade The shank of the knife is 2 inches (5 cm) 
long .md the h.mdle is s inches (12 7 cm ) 

i’lKiPIIIIML MRVL LLSIONS 

1 lalt,'* aftei a very wide experience in the surgery of peripheral 
nei ve lesions ad\oc<ites (1) the most .implc anatomic exposure from 
the beginning of llic operation, as a routine, (2) the constant emploj'- 
ment of diiect electiical stimulation by means of the bipolar electrode, 
(3) the standaidi/.ition of those positions of the patient and the limb 
oil the opeiating table which will minimi/e the difficulties of accom- 
plishing end-to-end suture without undue tension Platt has follow'ed 
tile end -1 csulls of 248 cases One hundred and fifty of these w^ere end- 
to-end suluics Sevent) -nine per cent presented varying degrees ot 
rccoterj , 21 pei cent were complete failuies The influences which 
inhibit the success of the opciatue pioccdiiie are (1) the period since 
injur\, ])i ogi essn cly infeiior results being seen wnth increasing delay, 
(2) infection, wdiich delajs regeneration, (3) the natuie of the nerve 
bed, which is <ilmost negligible unless the nerve trunk is subjected to 
bony friction, (4) the topography of the nerve, accounting for many 
failures, (5) level of suture, regeneiation m the distal part of the limb 
being likely to be fickle Eighty operations of neurolysis w^ere per- 
foimed, wnth 75 pei cent of lecoveries or improvements, but Platt 
believes that it is difficult to estimate the exact influence of the operation 
Eighteen opeinlions of nerve budging w'eie pei formed and they w^ere 
aU complete failures 

MacKay,'- from a study of more than 600 nerve cases at the Gran- 
ville Canadian Hospital, has become convinced that the analysis of the 
voluntaiy musculai contiol is the suiest guide to the determination ot 
the exact neive lesion Trick movements must be most carefully 
excluded 

Hams has written a valuable aiticle on the treatment of irrepar- 
able nerve injuries, dealing with the detailed anatomy of the forearm 
and hand The article cannot well be reviewed in short space but 
should be commended 
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Wtitejs’ Cl amp — Bates"'* reports three cases of so-called writers 
cramp which he relieved completely by the simple method of having 
the patients note the position in which they placed their hands during 
sleep It was found that all three slept with their hand or hands (m 
the bilateral cases) beneath the cheek or head The symptoms entirely 
disappeared when the habit was corrected 

DISLOCATIONS 

Caipal Luvahons and Subluxattons — Nicotra'® discusses the dis- 
locations of the carpal bones and reports two cases of crushing, twist- 
ing injuries, causing fracture luxations and subluxations of tlie 
scaphoid, semilunar and cuneiform bones An interesting observation 
of the author is that fractures of the scaphoid are usually due to falling 
on the palm with the hand dorsally flexed on the forearm and radially 
deflected, while dislocations are due to falling on the palm, wuth the 
hand dorsally flexed on the forearm, but deflected ulnaward 

SubUixahon of the Slwnldet Dozuinvaid — Cotton'® calls attention 
to a group of shoulder injuries followed by a troublesome weakness 
of the deltoid and supraspinatus, which are often diagnosed as circum- 
flex paralysis These symptoms are due, he thinks, to a sagging of 
the heavy, swollen arm, often suspended m fractures of the humerus 
only by the wrist, which results m a true subluxation of the head 
downward in the glenoid and an overstretching of the deltoid and 
supraspinatus The treatment consists of early massage and the support 
of the whole arm as soon as the condition ot the lesion makes it 
possible He reports nine cases 

Recu)icnt Dislocation of the Sliouldci — Sandes ” fashions an 
artificial ligament from a strip of fascia lata, and passing it through a 
drill hole m the head of the humerus, fastens it as a sling over the 
clavicle 

Ta\ernier and Jalifer"'' recommend a \ery thorough examination 
of patients exhibiting this condition and urge a more complete opera- 
tion than simple capsulorraphy The capsule should be opened and 
the joint examined In one of their cases a duerticnlum in the anlero- 
mesial portion of the capsule was discovered and, in another a tear of 
the capsule was found in the antero-inferior quadrant, with detached 
ends hanging loosely into the joint 
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Conqcniial Dislocation of the Shouldci —TayXov'^ replies to the 
-irticle of T T Thomas, in which Tliomas maintains tliat the cause 
of bi.ichial palsy is a congenital dislocation or posterior subluxation of 
the shoulder T.ijloi has been unable to find a lecord of a single case 
of posterior subluxation of the shoulder noted at birth in association 
with brachial palsy or obstetric paral 3 ^sis Obstetricians connected 
with three large lying-in hospitals in New York have never seen the 
assoLiation of the tw-o conditions at birth Taylor has never seen a 
jinsterioi sublux.ilion of the shoulder in a case of brachial palsy in a 
patient less than 6 weeks old Me concludes that the subluxation must 
be sccondarx and not iirini.iry, .ind presents many cases in wdiich posi- 
tne findings in injurN to the roots of the brachial plexus have been 
(Icmonstr.ited at nccrojis} 

Ltaation of the Ru/lit Iiinoiniiialc Bone — Montagard and Moreau®® 
ha\c seen .i c.isc m which, as the result of an automobile accident, 
the right iliac bone, as a whole, had been dislocated upw'ard, both at 
the svmphysis pubis and the sacro-iliac synchondrosis The low^er 
border of the right acetabulum was on a level w'lth the upper border 
of the left There were no signs of fracture to be discovered Partial 
calcification of the fibrocartikige between the separated bones had taken 
lilacc <ind some osteophytic change The patient w^alked w'ell, wnth 
no incomenience, except for the shortening 

I'RACTURnS 

ft act til rs at the JViist — Schumieier®^ has noted the much higher 
jierccnt.igc of articul.ir invoUement m chauffeur’s fracture of the radius 
than in the ordinar} Colles' fracture He explains this fact by the 
different direction in wdiich the causative force is applied In Colles’ 
fracture the fotce is applied wnth the wnist dorsiflexed and radially 
deflected (abducted), and the articular surface of the radius comes 
in contact wnth the broad surface of the scaphoid and usually escapes 
injuiy In chauffeur’s fracluie, the force is received wnth the w^rist 
in the neutial position and deflected ulnaw'ard (adducted), wdiich 
brings the articular surface of the radius in contact wnth the angular 
or pointed surface of the scaphoid, wdiich frequently causes splintering 
of the aiticular surface 

Supiacondylai Hninctal Pi or/m cjf —Baumgartner reports prac- 
tically perfect results in five cases of supracondylar fracture of t e 
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humerus treated by continuous traction and counter traction with the 
arm m a straight line In the early cases the traction satisfactorily 
reduced the deformity In two older cases it maintained the position 
after manipulation had reduced the deformity 

Fiactiiie of the Neck of the Scapula — Cotton and Bnckley do 
not agree with Sir Astley Cooper’s classical picture m fracture of the 
neck of the scapula of a drooping shoulder replaceable, but tending to 
fall away from gravity pull As they have seen the condition, the 
shoulder appears to be displaced inward and to be narrower than the 
normal side Their treatment is to reduce the deformity by levering 
the head of the humerus outward, over the fist, in the axilla as a 
fulcrum A heavy wedge-shaped pad is placed in the axilla, the arm 
IS brought to the side and held as tightly as the circulation will allow 
by adhesive plaster A pillow rolled lengthwise is strapped vertically 
to the middle of the back and a 3 pound sand bag laid on the front of 
the shoulder This is kept on for three weeks and the patient then 
allowed to be up, with an axillary pad and swathe 

Fiactiues of the Spine — Two good reviews and summaries of our 
present knowledge of fractures of the spine and the therapeutic indica- 
tions have appeared by Wilson and Kleinberg Kleinberg questions 
the wisdom of ankylosing operations in the early cases, because thereby, 
though the time of convalescence may be shortened six months, five or 
six vertebral joints are made stiff instead of one or two only, by a 
longer but usually certain process of nature’s healing, aided by arti- 
ficial protection 

Fracttues of the Neck of the Feviw — Kleinberg®® reports three 
cases of complete healing and cure of fractures of the neck of the femur 
as late as five months after injury He employed Whitman’s abduction 
method, applying the plaster after manipulation of the fragments and 
striking several blows with the mallet over the great trochanter as 
advised by Cotton 

Delbet is of the opinion that fractures of the femoral neck proper 
never unite solidly when treated by immobilization alone, and advocates 
his peg or long screw insertion to hold the fragments together He 
says that after immobilization alone, though the limb is a little short, 
the patients may walk on it for a time with little inconvenience, the 
stout capsule holding Soon, however, this stretches and the primary 
shortening of 1 or 2 cm increases to 6 or 7, with increased discomfort 

83 Cotton and Bnckley Boston M &. S J 185 326 (Sept 15) 1921 

84 Wilson Canad M A J 11 415 (June) 1921 

85 Kleinberg J Bone &. Joint Surg 4 80 (Jan ) 1922 

86 Kleinberg Med Rec 101 14 (Jan 2) 1922 

87 Delbet Progres med 36 416 (Sept 3) 1921 
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I-IistoiiLal Review Tliey quote Pott’s, original description to show 
that he clesciibed a fiactiire that does not exist Dupuytren com- 
mended Pott .ind evidently thought that he had described the same 
lesion he himself was describing Dupuytren w'as the first really to 
systematire the knowledge of ankle injuries The type of ankle fracture 
most commonly seen was first described by M.iisonneuve (1840), and 
It IS safe to assume that both Pott and Dupuytren’s descriptions applied 
to this fracture and not to the rather hjpothetic type they thought they 
w'eie describing Maisonneine w-as the first to in\oke the external 
rotation of the foot held in the tibiofibular mortise in explaining the 
common oblique fractuie of the fibula The postmarginal fragment 
from the .irticukir surface of the tibia had pre\iousIy been described 
by Coopei, Destot, Chajnit and others, before Cotton wTote about it 
J he authois review' the work done by \arious investigators from 
Dupuytren down to the present, pay'ing tribute to the coiiMncing w'ork 
done by Quenu, I lonigschmied, Till.iux, and Maisonneuve 

Mechanism of J'lactnre After rcxicwing the anatomy of the ank’e, 
the authors point out the fact that the motions w'hich are likely to 
result m fiactuie are those of rotation of the foot and adduction and 


abduction Inw’.ird lotation is a movement almost inseparable from 
the movement of adduction, as the anterior tarsal joints render the 
foot very mobile m this direction 

External Rotation Any movement toward external rotation con- 
^CIts the foot into a ngid le\er, and motion w'lth much force is trans- 
mitted to the .mkle. the astiagalus trying to tuin in its long axis 
Ow'ing to jihysical law's of leverage, the greatest strain comes on the 
external malleolus Theie is a push outw'ard on the anterior border 
of the malleolus combined w'lth a iJiill imvard on the posterior border 
by the posterioi band of the external lateral ligament The resulting 
fiactuie by torsion is an oblique fractuie of the fibula, running from 
above and behind, dow'iiw'ard and forw'ard, and it involves the^mferioi 
tibiofibular joint Ahvays it is hrgher behind than in front anjpSsually 
extends m front to the external malleolus The anterior tibiofibular 


ligament thus lemains intact and there results no true diastasis betw'een 
tibia and fibula There is, at most, slight rotary displacement of the 
fragments This is the most common fiacture at the ankle (more than 
25 per cent of all cases) If the force continues to act, the next lesion 
which IS added is rupture of the internal lateral ligament, or, far more 
frequently, fracture of the internal malleolus, usually only o its 
anterior tip, seldom of its whole extent The displacement may e 
slight or marked, and in many cases there is added the comp icatm” 
of fracture of the posterior margin of the tibia 
variation of this type of fracture occurred m 100 of the 3 
In these extreme types of fracture, disjunction of the tibia an 
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may occur oi avulsion of the anterior tubercle of the tibia In such 
cases, the strain on the fibula is transferred higher up, and one may 
find fracture even in the upper third or just below the head of the 
fibula 

Abduction Injuries (Fibular Flexion) In these fractures, the 
influence of the tibiofibular ligaments is paramount Straight abduc- 
tion of the foot has, as its primary and most constant lesion, fracture 
of the ^internal malleolus or its equivalent, rupture of the internal 
lateral ligament This is a prerequisite in order to free the astragalus 
sufficiently to permit it to press on the external malleolus Following 
this (1) If the tibiofibular ligament holds, the fibula breaks across 
through the external malleolus proper and not above these ligaments, 
as commonly taught , a bimalleolar fracture by abduction results 
(2) If the tibiofibular ligament ruptures or the equivalent avulsion of 
the anterior tibial tubercle occurs and the force continues, the fibula 
breaks by flexion and the break usually occurs where the fibula is 
weakest, that is, above the inferior tibiofibular ligament in its lower 
third Finally, as the most advanced stage, the entire lower end of the 
tibia m^ be torn off as the representative of the internal malleolus 

Separation of the fibula from the tibia by 3 cm may occur, even 
with the posterior tibiofibular ligament intact Owing to the almost 
indestructible nature of the posterior band of the external lateral liga- 
ment, almost never does a separation of the astragalus from the fibula 
take place Diastasis does not, therefore, occur as a result of the 
astragalus being driven upward between the tibia and fibula as a wedge 

Posterior Marginal Fragment of the Tibia and Posterior Displace- 
ment of the Foot The mechanism by which this fracture is produced 
IS almost certainly a crushing force acting from below upward The 
size of the fragment varies from a small portion of the posterior lip 
to a large fragment This fracture occurs quite frequently (in fifty- 
eight of 300 cases, or 19 per cent , and in fifty-one, or 50 per cent , of 
those conforming to low Dupuytren type) It may occur alone or in 
association with torsion or abduction fractures Backward displace- 
ment of the foot cannot occur unless the astragalus is freed from the 
external malleolus by rupture of both the middle and posterior bands 
of the external lateral ligament, or unless the external malleolus is 
freed from the tibia by diastasis or by fracture of the fibula in such a 
way as to detach, with the lower fragment of *the fibula, the fibular 
insertion of both the middle and posterior bands of the external lateral 
ligament, that is, in the Pott or Dupuytren type, or the mixed oblique 
type A posterior marginal fragment favors displacement, but is not 
essential for it 

Adduction Injuries (Tibial Flexion) There is little dispute about 
the mechanism of these injuries A tearing off of the external malleolus 
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IS the fust lesion, followed by a compression fracture of the internal 
malleolus, or a splitting upwaid of the tibial shaft occurs The supra- 
malleohii fiacture by adduction repiesents the most advanced type 

Old Fiaciincs of ihc Os Calcn— Cotton ’^ attention has been 
atti acted to pooi results which are so common in fractures of the 
os calcis Moie than half the patients with fracture of the os calcis 
suflcr disability J otal dis<ibiht} for real work is the result in from 
33 to SO jier cent of the Ctises 1 lie causes of disability may be one 
or seveial (1) The os calcis is a little short from front to back and 
a bit flattened (2) Sliarp outward deviation of the heel entails 
inevitable flatfoot (3) fendei spurs on the plantar surface of the 
os c.ilcis mav lesult (4) The common source of trouble is an outward 
broadening of the os calcis, owing to the shoving outward of the 
peroneal plate of hone and bone giowth behind it The external mal- 
leolus may impinge on the exuberant bone or be half buried in it, it 
may impinge onl\ m flexion or extension, or it may pinch the peroneal 
tendotis and their sheaths , mvariabl) it is a factor m pain and disability 
(5) Loss of some of the lateral motion is constant, resulting from 
alterations in the surfaces or clogging of the astragalocalcaneal joint 
Imr correction he advises leaving shortened and flattened heels abso- 
lutely alone Outward deviation calls for the Gleich operation, that is, 
an oblique osteotomy of the os calcis, with correction of the deformity 
Spurs maj need to be removed For the troublesome outward broad- 
ening of the os calcis and clogging of the astragalocalcaneal joint, 
Cotton has developed an operative procedure This consists in a curved 
incision under the external malleolus, elevating and turning upward a 
flap containing the peroneal tendons and their sheaths, periosteum and 
a thin layer of cortical bone Then he digs out, wide and deep, the 
exuberant bone, disregarding the subastragaloid articulation, which is 
often narrowed by about half The flap is then replaced and sutured 
and a plaster boot applied At the end of two weeks, motion of the 
subastragaloid joint is begun At four weeks, slight weight-bearing 
and at the end of six weeks full weight-bearing is permitted He 
reports the cases of nine patients operated on, with one excellent result 
and six patients greatly impi oved, one failure, and one doubtful result 
in an old man 

Spiia/ F;ac/me^ — Rixford has conducted an elaborate investi- 
gation of the mechanism of spiral fractures He concludes that rare j 
can they be satisfactorily reduced without open operation, but wien 
so reduced they are retained very easily with kangaroo tendon 

94 Cotton Ann Surg 74 294 (Sept ) 1921 

95 Rixford Ann Surg 74 490 (Oct ) 1921 
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Smpeusion T) action Tieatment of Fiactuies of Long Bones Ncai 
Laigc Joints — Hartwell®® outlines the methods of suspension traction 
treatment earned out on his service at Bellevue Hospital in New York 
He has become an advocate of skeletal traction in all cases of fracture 
of the femur For mtracondylar fractures of the lower end of the 
femur, he uses skeletal traction by means of a pm through the head of 
the tibia For lower leg fractures, the skeletal traction is applied by 
means of ice tong calipers m the malleoli or os calcis 

Influence of Physwtheiapy in Reducing Disability Time in Fiac- 
tmes — ^Y^amwright has compiled some rather interesting statistics 
from the Moses Taylor Hospital at Scranton, Pa Before the establish- 
ment of a gymnasium and a physiotherapeutic department, the average 
time of disability m fractures of the clavicle was sixty-seven days, 
after the establishment, fifty-nine , humerus fracture, before, 125, after, 
90, forearm fractures, before, 76, after, 64, femur fractures, before, 
239, after, 180, lower leg fractures, before, 121, after 92 

This means a saving of actual time in the different types of from 
eight to fifty-nine days, and a percentage saving of from 12 to 28 
Delayed Union and Nonunion of Fiactuies — Nuttei ®® considers 
very carefully the subject of delayed union and nonunion of fractures, 
pointing out the importance of discriminating between these two condi- 
tions Delayed union may be expected in not much more than 1 per 
cent of all fractures, while nonunion occurs in from 2 to 3 per cent 
The regions where nonunion is most prone to occur are between the 
middle and upper thirds of the humerus, the middle third of the femur, 
and in the lower third of the tibia and fibula Fractures of the neck 
of the femur fail to unite solidly relatively very frequently As to 
the causes of delayed or nonunion Nutter considers that constitutional 
diseases, with the exception of syphilis, scurvy, acute rickets, osteo- 
malacia, etc , exert little influence on union Severe sepsis causes 
necrosis , but mild sepsis may actually stimulate callous formation The 
local causes are the well recognized ones of nonapposition of fragments, 
interposition of tissue, imperfect immobilization, metallic plates, etc 
For treatment of delayed union after proper conditions of immobiliza- 
tion have been satisfied, Nutter advises baking and other forms of 
hyperemia Drilling the bone ends may be a help He thinks there 
IS little evidence to suggest that galvanism, ductless gland extracts, 
or injections of irritants are of service 

Special Fiactuic Sci vices in Hospitals — Scudder,'”’ who organized 
one of the first, if not the first, special fracture seriices m America, at 

96 Hartwell J A Suspension Ti action, Arch Surg 3 595 (No\ f 1921 

97 Wainw right Ann Surg 74 304 (Sept) 1921 

98 Nutter T Bone &. Joint Surg 4 104 (Jan ) 1922 

99 Scudder Ann Surg 74 280 (Sept ) 1921 
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ibc Massachusetts Gcueial Hospital, h.is been impressed by the necessity 
of improMug the lesults in the ticatment of fractures throughout the 
countiy lie believes the carrying out of the following suggestions 
would be helpful (a) special wards restricted to the treatment of 
fractures, (b) a special fracture personnel of surgeons under a chief 
of service of broad experience, (c) a special fracture outpatient clinic 
undei the charge of the special fracture service, (d) an improvement 
m the methods of teaching fractures and more time for the subject 
111 the medical school curriculum, (c) graduate courses for the general 
pi.ictitioncr , (/) the oiganwation of <i clinical surgical fiacture society, 
meeting once a NC.ir foi the discussion of fracture problems 

Ml (In a! Dcfcn<ic /hf>rcf of Fiai/inr ^ — An interesting indication of 
how imjKiitant the problem of the propet treatment of fractures is 
becoming is showm from the rc\icw of Tuckernian of the cases 
refeircd to the Medical Defense Committee of the Ohio State Medical 
\ssoci.ition Of 107 matteis so referred, forty represented dissatis- 
faction over the results of the treatment of fractures 

Snpnnuuiciaiy Bones of JF/isf and Ankle — Holland and 
Pine point nut the importance of recognising the rarer ossifications 
in the carpus and t.irsus, representing true extra bones wdneh may 
easily lie mistaken for fractures In the carpus, there may be men- 
tioned the os cent rale, the os triangularc, the ulnare externum, the 
ladialc externum, the os vcsalianum, and the divided scaphoid In the 
foot, the os tiigonum, the secondary os calcis, the tibiale externum, the 
os peroneuin, the os vesahanum, and an ossicle without name 

MISenLLANEOUS 

Technic foi Leg Amputation — Orb*®"* describes a method of leg 
amputation wdneh he has found produces an excellent stump An 
anteiior skin flap is fashioned and a posterior muscle flap (gas- 
trocnemius and soleus) This provides a posterior scar and a good 
muscle padding for the end of the bone wnth a fascia! covering He 
employs the Hubei -Lewus technic for the prevention of neuromas, and 
the aperiosteal method in the treatment of his bone end 

[Ed Note— One of the Editors (Wilson) has independently 
devised the same method and has employed it, during the war and 
since, wnth great satisfaction ] 

100 Tuckerman Ohio State M 1 17 735 (Nov ) 1921 

101 Holland Arch Radiol & Electroth 26 105 (Sept ) 1921 

102 Pine Am J Roentgenol 8 569 (Oct ) 1921 

103 Orb Ann Surg 74 633 (Nov ) 1921 
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Coahtw Calcancomvicnlaiis — Slomann of Copenhagen reports 
SIX cases of coalitio calcaneonaviculans or fusion of the os calcis with 
the scaphoid, illustrated by excellent roentgenograms It is a congenital 
condition The abnormality does not appear to show any particular 
preference for the right or the left foot All his patients have been 
seen because of severe flatfoot deformities, and the flatfoot, both m 
regard to the degree of deformity al well as to clinical symptoms, 
has been most severe m the foot m Which the anatomic abnormality 
was present or most pronounced Theiages of the patients were from 
10 to 59 years For treatment he has employed rest m plaster and has 
followed this with foot supports He believes operative procedures 
may be necessary In marked cases, the deformity is extreme Slomann 
describes one case as follows The foot is “of monstrous shape, short 
and enormously broad, with the convex rocker-shaped surface, the 
heel and tarsus rest on the ground , the first metatarsal bone tips upward 
at the mesial side of the foot and only the point of the downward bent 
great toe again reaches the ground ” 

Kohlo’s Disease — Bauman^®® adds two cases to the list that has 
been growing since Kohler, in 1908, first described this unusual mal- 
formation of the tarsal scaphoid Although he cannot explain the 
cause, his cases add to the evidence that is accumulating on the negative 
side, excluding syphilis, tuberculosis and osteomyelitis He believes 
trauma to be the common cause, and cites its frequence in boys of the 
ages of 5 to 7 Trauma is little noticed, as is also the fact that the 
scaphoid IS one of the last of the tarsal bones to ossify 

Epicondylitis — Aievoh brings up for discussion the cause of pain 
in the region of the external humeral epicondyle occurring in tennis 
players and other sportsmen and in workers in certain industries The 
pain is usually localized near the tip of the epicondyle, in the region 
of the origin of the radial extensors of the wrist and the common 
extensors of the fingers He discusses the various etiologic theories 
He considers the theory of Vulhet of a bursa beneath the origin of 
the epicondylar muscles may be nearest the truth 

Osgood,^®® as a result of a personal experience, became convinced of 
the probable bursa nature of the syndrome, found bursae in seven 
consecutive cadavers, had his own elbow operated on, and bursal tissue 
found, and has operated on two other patients with positive findings 

104 Slomann J Orthop Surg 3 586 (Nov ) 1921 

105 Bauman, G T Kohlei’s Disease, J A M A 77 1086 (Oct 1) 1921 

106 Aicvoli Riforma med 37 805 (Aug 30) 1921 

107 Vulhet Semana med , June 2, 1909, p 261 

108 Osgood R B Radiohumeral Bursitis, Epicondjhtis, Epicondilalgia 
(Tennis EIboi\), Arch Surg 4 420 (March) 1922 
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Schmitt described ,i calcareous deposit over the epicoiidyle and 
believed the buisa to be between the epicondyle and the common 
c\]cnsov Icndoit Osgood found his bursae beneath the conjoined 
tendon and the supinator brevis and radiohumeral joint capsule, where 
he believes it commonly is placed, and not directly over the epicondyle 

Dcvclopnicni of the Shouldc) — Cohn’s^'” conclusions from a 
loentgenologic study of the normally developing shoulder are as fol- 
lows Radiologic examination of the shoulder during the first year 
shows onl) one epiphysis sufficiently ossified to leave a shadow, the 
epiphysis for the upper end of the humerus This epiphysis is 
rcpiesentcd b} a sm.ill cllijilic shadow, which is rather widely sepa- 
lated fiom the upper end of the shaft The earliest examination 
w.is .It se\en weeks after birth During the first two years, no 
other epiplnsis makes its appearance except for a small shadow 
which may be interpreted as the e.arh ossification wnthin the coracoid 
process During the third 3 ear, the head of the humerus increases 
rathei rapidly m swe The upper end of the shaft takes on the appear- 
.mce of a double inclined plane, higher near the middle, and sloping 
downward to either side i\t this time, there is a shadow' on the lower 
.ispect of the epiplnsis for (he head, which may be ossification within 
a scp.iiatc ciiiph)sis for the gi cater tuberosity or it may be that the 
gicatei tubeiosit} is a growdh dowunvarcl from the original epiphysis 
foi the head In the pictures no clear line of demarcation can be 
made out bctw’ccn the shadow's Beginning ossification w'lthin the 
coiacoid IS c\idcnt at 3 ve.irs In order to avoid errors m interpreta- 
tion of locntgenograins of the shoulder, one must take several view's 
Ossification w’lthin the epiphysis of the acromion is rarely evident before 
the middle of the fourteenth }'ear Complete ossification of the 
e}nph 3 'sis of the acromion takes place about the middle of the eighteenth 
yeai Complete ossification w'lthin the upper epiphysis is evident about 
the nineteenth ycai There is no trace of the epiphyseal line at the 
tw'entieth yeai 

Oil/ioUatic Albiiiiiiinoia — Saito concludes after careful study of 
a laige group of children that patients show'ing orthostatic albuminuria 
have an asthenic condition, and about half of them show lordosis A 
large majority of the p.atients are in a state of vagotonia and show a 
noimal renal function and hemoglobin Two methods are most reliable 
in provoking albuminuria One is to have the patient hold a rod w'lti 
the hands and lift it up to the level of the shoulder for ten minutes. 


109 Schmitt Arch f Orthop 19 215, 1921 

110 Cohn Am J Roentgenol 8 721 (Dec ) 1921 

111 Saito, H Clinical Investigations on Orthostatic 
Dis Child 22 438 (Oct ) 1921 
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the other is to have the individual kneel for ten minutes The direct 
cause of albuminuria may be lordosis of the lumbar spine, but it is not 
altogether the essential factor Vasomotor instability may be another 
Pieventwe and P) ophylactic Otthopedic Piactice — Emmons and 
Goldtbwait call attention to the necessity of providing proper furni- 
ture m order to avoid postural strain, especially from work at a desk 
They have planned a simple chair which the}"^ believe is practicable and 
helpful, and which they illustrate m their article 

Lowman makes a strong plea for the recognition of postural 
defects and an attempt to correct them in the early years of school 
Eighty per cent of all schoolchildren show one or more defects and 
many of the present physical instructors are poorly trained for correct- 
ing these faulty postures He urges more interest among orthopedic 
surgeons m the training of these instructors and is convinced that the 
correction of these defects in childhood will do much to prevent the 
potential weakness which was so strikingly appreciated in the arm) 
recruits who failed to stand up to regular army life 

Challenge of the Cluomc PaUent — Goldthwait begs tbe medical 
profession to focus its attention on the chronic patient, who has been 
so unsatisfactorily treated and generally considered hopeless He points 
out that our study has been especially of the physiologic function of 
the body to find out where it is lacking and to discover some pathologic 
lesion of certain of the organs as a cause of the condition As we are 
often not able to explain the imperfect function, the treatment is not 
evident He urges that the mechanics of the body be more carefully 
studied and that attention be paid to the long existent attitude m which 
the bodily functions have been carried on Pathologic conditions of 
the lower part of the back are the most common occasion for seeking 
medical advice A persistent ptosis, or a malposition of the heavier 
viscera disturbing their blood supply, is a constant obstacle to proper 
function We have the example in orthostatic albuminuria It is 
probable that in many of the arthritic cases m wdiich the patients do 
not recover after removal of foci in the tonsils or teeth, that no one 
organ is w'holly at fault A study of the individual anatomic habit 
will often give new significance to many of these symptoms 

Journal Annoimcemcnt — The Journal of Otthopaedic Suigoy, tbe 
official organ of the British and the American orthopedic associations, 
wdiich up to January, 1922, had been issued monthly, has now become 
a quarterly and has changed its name to the Jou> nal of Bone and Joint 
Suigeiy It continues as the organ of the two associations and under 
the able editorship of Dr E G Brackett 

112 Emmons and Goldthwait T Industrial H^gIene 3 154 (Sept ) 1921 

113 Lowman J Orthop Surg 3 576 (Xo\ ) 1921 

114 Goldthwait Boston M S J 18G 31-34 (Jan 12) 1922 
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“THE NEGATIVE CHAMBER IN OPEN PNEUMOTHORAX 
A PERSONAL EXPERIENCE” 

'Jo lltc 12diin> — M\ attention has bcLU called i)\ Dr Rudolph Matas, of 
iScw Orleans, to two historical errors which appear in inj article, "The Nega- 
tive Ch iinher in Open Pneiiinothorav A Personal Experience,” in the Juh 
issue of the Anciinis oi Suitoiav 1 stated, page 134, that “the importance of 
preventing this phjsicil phenomenon was full^ realired bj Dr Matas, more 
than twent} jears ago, when, as one of the pioneers in the field of thoracic 
surger} in America, he had his assistant, Dr Parham of New Orleans, excise 
a tumor of the chest wall with the help of a differential pressure apparatus, 
the Fcll-O’Dwvcr combination, as modified b> Matas” The fact is that Dr 
Matas and Dr Parli.iin liavc been connected with the same hospitals and have 
served in them, contcmporancouslj, as colleagues, with the same rank and 
alwavs in charge of separate and independent services Dr Parham, there- 
fore, performed his operation, Julj 24, 1898, independently, as a visiting surgeon 
in cliargc of his service at the Charity Hospital Further, he did not employ 
the Fel!-0'Dw3'cr apparatus, “as modified by Matas,” but made use of it with 
good effect, though unmodified, in the form that was then being used at the 
Charity Hospital 


Willy Mever MD, New York 
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OSTEOSCLEROSIS FRAGILIS GENERALISATA 

MARMORKNOCHEN ALBERS-SCHONBERG DISEASE ^ 

GEORGE G DAVIS, AB, MD 

CHICAGO 

A patient who entered the hospital with a fracture of the right leg, 
the result of a rather trivial injury, giving a history of previous frac- 
tures, likewise following slight trauma, was found, on roentgen-ray 
examination, to have a pathologic fracture as the result of a rather 
obscure bone condition which has been termed osteosclerosis fragilis 
generahsata, Marmorknochen (marble bone), or Albers-Schonberg 
disease Inasmuch as only nine other cases of this disease have been 
reported, all of which have been m the foreign literature, none in 
the English language, the history of this case is given, together with the 
roentgen-ray study of the entire skeleton and a review of the literature 
of this subject to date 

REPORT OF CASE 

History — S, a schoolboy, aged 11 years, born m this country, was 
admitted to my service at the Cook County Hospital, April 20, 1922 He was 
brought to the hospital by his mother, who stated that, on April 18, 1922, he 
sustained an injury of the right leg A playmate who was swinging him 
around became dizzy and fell with the patient, stepping on his right leg above 
the ankle The patient had to be carried home, where he stayed in bed He 
entered the hospital because of pain, tenderness and very slight s^\elllng of the 
lower part of the right leg and inability to use it 

He sustained a fracture of both bones of the left leg m July 1920, when 
he fell out of a window, about 4 feet high, striking the middle of the left leg 
on a step No physician was called at the time but a firm bandage was applied 
He was unable to walk on the leg for three weeks A fracture of the left femur 
occurred in November, 1920, when another boy pushed him against a fire hj drant 
He was treated m St Elizabeth’s Hospital at that time The tonsils and 
adenoids were removed in 1918 He had a mild attack of appendicitis in 1917 
He had had pneumonia seven times — at 4 months, 14 months, 3 jears, 4 years, 6 
years, and 10 years of age With the last attack, he had an associated otitis 
media on the right side, at uhich time an “abscess was lanced’’ His hearing 
in the right ear at the time of examination was not so good as m the left 
He w'as essentiallj' normal His birth had been normal (a precipitate 10 
pound babj ) He was breast fed, his feedings being supplemented bi cow’s 

* The author is indebted to Dr Arthur R Metz for the roentgenographic 
examination and the notes on it 
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milk after tlircc niontlis and up to sixteen montlis, when he was taken off both 
tile lireast and the bottle He usualb stood high in his school work He was 
in the high fifth grade 

His father and mother were hotii living and well Iwo brothers w'ere living 
and w'cll One brother had had “heart trouble ’’ One brother died of pneu- 
monia at 16 months This brother was paralyred on one side for a month, at 
3 months of age 



Fig 1— Left, anterior view of patient (W S ), aged 11, with generalize 
osteosclerosis fragilis, right, lateral view of patient 

Physical Examination— The patient 

mches tall (HO cm ) and weighed 49 pounds ( ^ the lower 

tion of the right leg, with extreme pain and tenderness to 

third, with slight swelling but no deformity diameter His eyes were 

His head was large and had a long anteropo 
brown and reacted well to light and on accommo a septum 

,„e ex t=rna%, but there »as an oli ot.t„ media on the nght 
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of the nose was deflected to the right Many of the teeth were carious The 
tongue was negative and the tonsils had been removed The hard palate was 
extremely high The cervical glands were palpable The chest was sym- 
metrical, except for a very slight scoliosis to the right in the middorsal region 
A very slight suggestion of a Harrison's groove was present The excursion 
and expansion of the lungs were good and there was no area of dulness or 
rales The apex beat was within the nipple line, 5 cm to the left of the median 
line There was no enlargement or murmurs In the abdomen, there were 
no palpable tumors or areas of tenderness The limbs were practically nega- 
tive except for the pathologic condition noted above, and that the radial epi- 
physes were noticeably enlarged 

Labojafoty Findings — The blood pressure was systolic, 128, and diastolic, 
85 Hemoglobin was 86, erythrocytes, 4,992,000, color index, 86, leukocytes, 
11,000 The urinary findings were negative The specific gravity was 1014, 
and the reaction acid There was no albumin, sugar, acetone, diacetic acid, 
blood, cells or casts The spinal fluid was clear and of normal pressure and 
gave a negative Wassermann reaction The blood Wassermann reaction was 
also negative The blood chemistry was total nitrogen, 34 30 (normal, 26 50) , 
urea nitrogen, 21 48 (normal, 10) , urea, 45 96 (normal, 21 40) , uric acid, 

I 95 (normal, 1 80) , creatinin, 1 54 (normal, 1 35) , sugar, 93 (normal, 100) 

A blood Wassermann test on the mother gave a negative result 
July 10 1922 an examination of the basal metabolic rate showed 52 5 
calories, which is normal for a boy weighing 46 pounds, 44 inches high and 

II years old 

Roentgen-Ray Eranimation — This revealed a fracture of the right tibia at 
the juncture of the middle and lower thirds, without displacement of fragments, 
together with other pathologic conditions of the bone A posterior molded 
splint was applied and the fracture showed union without much callus, the 
splint not being removed until June 21, 1922 

Couise — About June 8, 1922, the patient developed severe pain and tenderness 
o^er the left scapula, associated later w'lth redness, heat and fluctuation The 
white blood count was 27,900, temperature, 994 F Aspiration of pus revealed 
gram-positive cocci in staphylococcus formation Cultures of pus revealed 
hemolytic colonies Incision revealed a thick jellow pus 

Diagnosis — Pathologic fracture of the right tibia associated with osteoscle- 
rosis fragilis generalisata , old otitis media on the right side , probablv old 
rickets , slight scoliosis of the middorsal spine , periostitis ( ^) of the left scapula 
Roentgen-Ray Eianiination — Roentgenographic examination of the entire 
skeleton revealed a generalized disturbance of the bony structure, character- 
ized by a marked, irregularly increased densitj of some portions of the bones, 
wnth thinning and rarefaction in other areas In the long bones, the tendencj 
was tow'ard a marked narrowing of the medullary canals m the middle third, 
due to a thickening of the cortex, with the ends of the shaft presenting an 
expanded appearance, with a thinning of the cortex and a coarsely mottled 
effect due to increased density in the marrow cavitj The small bones, such as 
the vertebrae, carpals, and tarsals, presented a generalized increased densitj 
with absence of bone structure The epiphyseal lines were all present and were 
normal in width, but had slighth irregular margins There was a general 
increase of densitv of the epiphyses, with absence of bom structure, but they 
appeared normal in size and outline A detailed description of the bony changes 
IS presented m the six roentgenograms, which altogether include the entire 
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skeleton , tlie bones of the hands, forearms and lower humeri are reproduced m 
Figure 2, feet, Figure 3, femurs and pchis, Figure 4, legs. Figure 5, trunk. 
Figure 6, head. Figure 7 

In the examination of the hands, forearms and loner humeri (Fig 2), the 
following pathologic findings were noted The structural contour of the pha- 
langes was prestned, though the phalanges themsehes were thickened The 



Fig 2— General marble-likc picture of the bones of the hands, 
arm^s, transverse, parallel, disklike bands in the phalanges and me 
fracture of the distal epiphysis of left radius 


medullary portion was changed to compact bony triangular area of 

all phalanges This occurred in such a J "L base of the triangle 

lesser density at the proximal end of ,„ting toward the distal 

at the proximal end of each phalanx and ^ ^ ^reas of calcification 

end At the apexes of these triangles, sma triangles, 

were noted, especially in the proximal phalanges 
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parallel, transverse bands of lime deposits were noted These were especialh 
marked m the thumbs Parallel hairhke lines also ran from the base of this 
triangle toward the apex The proximal ends of the bodies of the phalanges 
at the base of the triangle described were structureless and of marble-like density, 
as were also the centers of ossification for the proximal ends of the bone a 
well defined line separating the former from the latter 

The metacarpals showed similar changes, the greater portion of the bones 
presenting a marble-like density The distal extremities of each of the second, 
third, fourth and fifth bones, corresponding to the distal center of ossification, 
showed great densitj' Similarlj% the proximal, or epiphvseal, portion of the 



Fig 3 — General marble-like picture of the bones of the feet, parallel lines 
of calcification running m superimposed diskhke fashion at the base of the 
first metatarsals , peripheral and central calcification of the cuboid bone, \\ ith 
an area of lesser densit}^ between 

first metacarpal showed great densit\ A triangular area of lesser density, 
with Its base at the distal end of the bodies of the metacarpals, was noted in 
the metacarpal bones corresponding to the fingers The base of the triangle 
of light area in the metacarpal corresponding to the thumb was toward the 
proximal end of the body of the bone and presented well defined disklike, 
parallel, transierse bands of calcification There was a trace of a distal epi- 
physeal line in each of the first metacarpals 

The carpal bones presented a compact, structureless mass of marble-lile 
densiti 
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'veil <lcS''cp“l,°LTl,,™'ru^Xt“ and a 

o«er II, c lo„or epiphy,,, "“r"™' "« 'o "ell defined ,he 

- -e, .„e .e-jr 




Fig 4— Hour-glass-hke narrowing of the medullary canal due to thicken- 
ing o t le cortev in the middle third of the femur, and transverse layers of 
increased density in the expanded distal portion of the medullary canal, 
increased density of the pelvis 


portion to the thickening of the corticalis Each ulna presented a picture 
similar to that of the radius There was more or less clubbing of the upper 
ends of both bones of the forearm Peri-articular calcification of the elbow 
joint was noted m the area between the head of the radius and the capitellum 
The lower end of each humerus, although preserving its normal contour, showed 
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the same marble-like density, the medullary canal being very narrow, with a 
corresponding thickening of the compact substance 

The examination of the feet (Fig 3) revealed a picture quite similar to 
that noted m the hands The disklike, parallel, transverse shadows at the 
proximal ends of the first metatarsals were particularly well defined The 
tarsal bones, with the exception of the cuboid, showed the same compact. 



Fig 5 — Pathologic oblique fracture through the distal third of right tibia, 
outward bowing of the shafts of the tibia and fibula, increased densitj of the 
long bones, marked increase in densit\ of the epiplnscs 

structureless, dense, marble-Iike condition noted in the carpal bones The 
cuboid showed a peripheral shadow which, toward the inside ga\e place to a 
lighter area which again showed a greater densit\ in its center There was 
no calcification of the tendon of A.chilles at its insertion, as noted In Schulze 
in his case 
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The femurs (Fig 4) were s\mmctncal1> involved, with a marked increased 
density of the proximal and distal thirds, with an hour-glass-likc narrowing 
of the niedu!iar\ canal in tiie middle third, due to a thickening of the cortex 
Tow ird each end, the cortex was gradually thinned and the medullary canal 
corrcspondinglj expanded Ihis was most marked in the distal portion In 
this expanded medullary canal, there were seven irregular, transyerse layers 



Fig 6 -Scoliosis of the dorsal spine, 
with the absence of bony structure increase to femurs 

nounced about the head and coracoid process, humeri sim 

of increased density, about 1 cm in yvidth, ™^g^j.ycture^^ The epiphyseal 

of growth There was an absence of increased m den- 

I.nes appeared normal The distal presented a more 

sity, with absence of bone structure T1 P absence of the transverse 

uniformly increased density ^ cortex The epiphyses of 

layer formation, and a less marked thinning ot 
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the head and great trochanter presented the marked dense appearance, with 
absence of bony structure There was no bowing or evidence of injur}' and the 
margins were smooth in outline 

The pelvis was normal in size and shape, presenting a marked increase in 
density The margin of the crests of the ilia was irregular in outline In 
the central portion of each wing, there was a circular area, 3 cm m diameter, 
which was less dense and appeared like normal bone about which were con- 
centric layers of increased density which suggested periods of growth 



Fig 7 — Skull shelving a definite increase in densitv about the base of the 
middle and frontal fossae, posterior and anterior clinoid processes enlarged, 
increased in densit} , the posterior, a clublike prominence 


The tibias (Fig 5) were similar in appearance, except for an oblique 
fracture extending for a distance of 8 cm through the distal third of the right 
The fragments were in good position and there wac evidence of callus for- 
mation There was definite bowing outward of the shaft The middle third 
was similar in appearance to the femurs The proximal third presented a 
similar appearance to that of the distal third of the femur, having the indistinct 
transverse lavers ot increased densitv, of which five could be identified In 
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the clKtal third, the density was irrcgidar and presented no suggestion of layer 
formation The tpiph>ses were markcdlj increased in dciisit}', with absence 
of bony structure 

rile fibulas presented the same general diaractcnstics as the femurs and 
tihias Ihere was a slight scoliosis of the spine (Fig 6), and the bodies of 
all the sertehrae showed a marked increase m densit> The ribs were larger 
and denser than normal, witli absciiec of hoiiv structure There were the same 
general changes in the clasiclcs that were common to the other long bones 
The scapulae showed mcre.ised densits, which was most pronounced about the 
head and coracoid jirocess The humeri were s>mmetncall} invohed, the 
proMin d two'thirds hasing an appearance similar to that of the distal portion of 
the femur, while the distil third showed less change 

1 lie skull (I ig 7) showed a definite increase in dcnsitj about the base of 
tile middle aiui interior fossae The anterior and posterior clinoid processes 
were 1 irger and more dense linn normalh, the jiostcrior appearing as a clublike 
botn prominenee 1 lie fossa for (he intmtari gland was 8 min in diameter The 
,irea of tile spiienoid il simis siiowed a iiniforinh increased densit}', lea\ing no 
e\ideiiec of a ca\iti i he mas oid .areas were similar m appearance, with an 
inci eased deimlx and no e\ idenee of mastoid cells The coronal and lamboid 
strueUires were \er\ distinct and appeared normal, as did also the grooves 
of the meningeal .irteries I he v.uilt appeared normal, having a good bon 3 
stincturc, and it was the oiiK part of the skeleton that did appear normal 

lliese changes showed that there had heen a gcncrali/cd disturbance m the 
bone forming elements, m winch there was an increased bone production, 
togetlier with a thinning out of the structure in other parts, leaeing the bone 
rather fragile, as is demonstrated h% the ohluiuc fracture of the right tibia, 
which was the result of a \er\ minor injury If the lajer formations winch 
could lie dcinoiistr.itcd arc interpreted as periods of growth, each of a j ear's 
duration, we nn\ coneludc that the process had been going on for about seven 
jears 

Ll rLRATLiRC 


In 1904, Albcis-Sclionbeig ^ presented i oentgenograms of a rare 
bone disease which hitherto had heen undesciibed A man, aged 26, 
fell into a shallow ml and fractuied the femur Roentgen-ray exami- 
nation ictealed that the bony structure was not recognizable The 
bones gave deep, black shadows, the medullary cavity was lacking, 
the corticahs was diffused Examination of the entire bony structure 
levealed a fiaclure of the other thigh and one of the olecranon Of 
the origin of these the patient knew nothing 

Besides the deep, daik bone shadows, there were several trans\erse 
rings visible on the shorter bones of the extremities, as well as on the 
ribs The whole picture suggested an unusually pronounced calcification 

of the whole skeleton /lomi 

In 1907, Albers-Schonbeig” enlarged on the earlier lepoit yv J 
of his patient, who now enjoyed perfect health, and worke as a 


1 Alb^s-Schonberg Rontgenbilder emer seltenen Knochenerkrankutig, 

Munchen med Wchnschr 51 365, 1904 .„.,.v«nkunst 

2 Albers-Schonberg Eine bislier nicht beschriebene Allgeme 

des SwS .n, Ro...ga.b.lde, Fertsehr . d Geb d Ro„.gen.tr»hl.» « 261 


1907 
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merchant without any trouble Symptoms given m the first description 
were still unchanged He adds the picture of the condition of the 
skull, which IS peculiar m the region of the sella turcica The posterior 
clinoid process consisted of a club-shaped solid bony prominence, which 
apparently indented the region of the sella The crista galh also showed 
the same changes The other bones showed a marble-hke character 

In conclusion, Albers-Schonberg emphasized besides the marble-hke 
changes of the bones, the especially characteristic appearance of parallel 
bands of lime in the diaphyses of the bones of the hand, of the feet, 
of the fibula and on the nbs He emphasized the fact that these were 
the result of especially dense lime deposits The etiology of this 
condition is not known 

In 1913, Schmidt® reported a case He wished to introduce the 
name of “lime gout” because of the similarity between the process m 
extensive lime deposit due to metabolic disturbances, and the genuine 
uric acid gout 

The case reported by Schmidt was that of congenital osteosclerosis, 
m which the long pipe bones were less affected than the vertebrae, the 
base of the skull and the sternum The child was well developed, and 
died thirty hours after birth The blood was that of a normal cadaver 
The bone marrow showed a physiologic cell synthesis without signs of 
a fibrous change or a leukemic or pseudoleukemic disease There was 
also enlargement of the hypophysis 

In 1914, Sieck ^ reported three cases of a rare disease of the 
skeleton 

Case 1 — A girl, aged 15, undeveloped for her years, had been apparently 
well m early youth Her growth was impeded when 5 jears old bj a slight 
fracture of the femur In the course of the vears, she had fourteen other 
fractures There w^as gradual increase in defect of eje-sight During the 
last two years, suppuration of the lowxr jaw had occurred, causing almost all 
the teeth to fall out Ophthalmoscopicall j , considerable optic ner\e atroph\ 
w’as revealed Roentgen-ray examination rerealed complete, structureless skull 
bones The sella turcica was narrow'ed The clinoid process projected greath 
The femur, tibia and fibula of both sides showed club-shaped thickenings In 
the low'er half of the tibia, parallel to the middle of the diaphjses, were 
convex streaks The epiphjses, as well as the diaphjses were without 
structure and only in the low'er third of the leg (below the knee) could the 
corticalis and medullarj space still be distinguished In the upper extremities 
were different, deformed, healed fractures The upper half of the humerus 
was thickened like a club, and the lower half showed trans\erse strntions, 
like the tibia, with the concaMties toward the diaph\ses 


3 Schmidt, I^I B Kalkmetastase und Kalkgicht Dcutsch med Wchnschr 
39 59, 1913 

4 Sicck Ijeber drei Falle einer seltcnen Skelettcrkrankung (Marmor- 
knochen nach Albers-Schonberg) Festschrift 7ur Feicr des 25 jahricen 
Bestehens des Eppcndorfer Krankenhauses 1914 
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Cas! 2 — \ boj, aRcd 3^2 jears, with hj clroccphalus, great decrease m 
Msion, and beginning optic nerve atropbj, presented a perceptibly enlarged 
posterior clinoid process The base of the skull and the skeleton of the 
face were thickened and structureless The humerus in its upper end was 
club-shaped The inetacarpals and phalanges were thickened The talus, 
calcaneus and cuboid showed, in the roentgenogram, a peripheral shadow 
which, toward the inside, ga\c place to a lighter area so as to show again a 
thickening in the center 

Cast 3 — A girl, aged 3 cars with Indrocephalus and optic nerve atroph), 
presented a narrowed sella turcica, but not so pronounced as in Case 2 The 
posterior clinoid process, however, was plainh enlarged The bones of the 
skull and extremities were of the same structureless nature as in the preceding 
case This patient and the patient in Case 2 were brother and sister 

Sicck believes tlial the fine parallel streaks in the cliaphyses are 
7ones of growth 

In 1915, Rcichc ' desenhed a case of osteosclerosis and anemia 


The patient was a man 37 vears old, incntalh active He was delicately 
built and looked pale He was married and had no children He had an 
excessive appetite, and rcf|uired a great deal of sleep Roentgenograms revealed 
thickening of the hones In the left groin was a tumor the size of a child’s 
fist, wliicli was scnsilnc to pressure The liver projected about one and one-half 
finger breaths over the right costal arch 

The condition of the blood was as follows The hemoglobin content was 
permanent^ decreased and varied between 30 and 36 Alicroscopicallj', the red 
blood corpuscles varied grcatlv in size Erjthrocytes were seen in some of the 
preparations Blood platelets were present in abundance The number of 
polvinorplioiniclcar lcukoc3tcs was permanently decreased, which multiplied 
the number of i3mphoc3les 


Rciche concludes that no peculiarity in the blood picture exists m 
cases of osteosclerotic anemia, and that so far roentgenography is the 
best procedure to deteimine the characteristic marble-like density of the 
bones 

In 1917, Pick " called attention to the fact that it could not be proved 
macroscopically that the changes in the bone were responsible for the 
appeal ance of the lime deposits, and that they reminded one of the 
picture of classical lime metabolism Schulze ' found double the normal 
hme value of the blood m his case , and, in considering the progressive 
exhaustion of the bone substance and the enrichment of the blood with 
hme salts, he suggests that this follows a low grade of activity of the 
osteoblasts, and the lime is incompletely utilized m forming new bone 
substance 


S Reiche, F Osteosklerose und Anamie, Munchen med Wchnschr 62 

6^ Pick, L Die mdikatorische Bedeutung der Kalkmetastase fur den 

Knochenabbau, Berlin klin Wchnschr 54 797, 1917 

7 Schulze, Fritz Das Wesen des Krankheitsbildes der ‘Marmorkno 
(Albers-Schonberg),” Arch f klin Chir 118 411, 1921 
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In 1920 Laurell and Wallgren ® described a disease of the skeleton 
originally observed in a boy of 12 The skeleton showed general 
fragility, with a marble-hke appearance 

Ernst E , aged 12 years, was the third of five children The other children 
were healthy, without any sign of rickets or other bone disease The family 
history was negative At one-half year, he had not developed much since birth 
He was pale and irritable and cried all day long The head seemed to grow, 
although the body did not Up to the age of S or 6 years, the skull circum- 
ference increased very noticeably At about 1 year of age, his mother noticed 
that he had nystagmus After his second year, it was discovered that his vision 
was defective At 2^2 years he could walk and talk quite well At the age 
of 1 year his first teeth appeared, and the rest came in slowly and irregular!}' 
At 3 years of age, his parents consulted a physician who diagnosed his case 
as rickets and hydrocephalus and prescribed cod liver oil No great improve- 
ment followed In 1915, when the boy was 8 years old, he fell backward down 
the stairs and fractured the right femur, for which he was treated for eight 
weeks at the hospital and was then discharged with good callus formation 
The next year he broke his left leg This fracture also healed In the follow- 
ing year he suffered still another fracture of the left leg In 1918, the right 
femur was fractured, this healed after six weeks In July, 1919, without 
known injury or accident, the right femur was again fractured He w'as sent 
to the hospital, the fracture healed, and he was then transferred to the children’s 
ward 

Roentgen-ray examma*-ion revealed old fractures m other parts of the 
skeleton On admission^the boy seemed in good general condition, with poor 
musculature He was/22 cm tall and w'eighed 23 3 kg He w’as afebrile, the 
pulse was 100 His Kead was large in proportion to the rest of his bodj It 
measured 57 5 cm /n circumference When he looked to the side a slow 
nystagmus was pr^ent When he looked toward the left, this was especiallj 
marked The puoils W'ere wide and reacted normallj to light Vision was 
limited There was a bilateral choked disk in the atrophic state, moderate 
bilateral rhinitis, poor teeth and stomatitis The tonsils were small and 
smooth There was marked lordosis of the lumbar spinal column when he 
stood The thorax was deformed, with a deep depression along the insertion 
of the diaphragm, and a corresponding bulging forward of the edges of the 
thorax The abdomen w'as slightly distended but not painful The skin and 
tendon reflexes were active The Babinski sign on the right was negatne, on 
the left, uncertain The lungs were normal except for a slight basal bronchitis 
The heart sounds were distinct The blood pressure was 100 The spleen was 
palpable The liver was not enlarged The sexual organs were normal The 
Wassermann reaction was negatne, the Ross-Jones reaction was negatne 
Detailed roentgen-ra}' findings are gnen 

Examination re\ealed the fact that the thjroid was nonpalpable All 
osseous structures showed an enormous deposition of lime especnih in the 
cranium and trunk There was a histor\ of h\ drocephalus The long bones 
showed condensed lime rings and lateral bands Experiments were made witii 
the new of determining a possible retention of lime, but the result was nega- 

S Laurell and Wallgren Lntersuchungen uber einen Tall einer eigenar- 
tigen Skeletterkrankung (Osteosclerosis iragilis generalisata), Lpsala Lalarei 
Torh 25 309 (Xo\ S) 1920 
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tivc riic diagnosis, founded on historj' and feeding expcniuents, was initial 
rachitis, complicated lij hjdrocephalus and a fundamental disturbance of the 
glands of internal secretion tlnroid, hepoplnsis and perhaps others, resulting 
in lime condensation, and some sccondarj symptoms (serous meningitis, 
atrophj of the optic nene, anemia) 

Four similar cases arc known Eight roentgenograms show' the pathologic 
structure 

In 1921, Schult? • discussed the naluie of the disease of marble 
bones (Alircrs-Sciionberg) and reported a case 

Hugh S, aged 11 \ears, of hcaltln famil>, mentally well deeeloped, had 
alwajs been well In 1914 he had scarlet fc\cr Ever since that time he had 
been sicklv He was sent to the hospital for disease of the lungs There 
was no improvement 1 here was slowlv increasing stiffness of the vertebral 
column and visible emaciation 

'\t the tunc of examination the vertebra! column showed a right scoliosis of 
the upper thoricie vertebrae The patient was eonfined to bed The teetli were 
decidedlj raehitic Calcification of the ligament of the patella and the Achilles 
tendon at insertion showed in the roentgenograms, also calcification ot the 
posterior longitudinal IiganieiU of the vertebral column and the plantar ligament 
was noted 

The ossification of the vessels appeared as a sccondarj condition, compared 
with the changes in the entire skeleton With the exception of the metaplnseal 
rt'giotis the corticalis and medunarv space had disappeared m all the long 
pipe hones The hones were changed into a compact, structureless, bony mass 
I hese changes also appeared m the short bones, such as the v'ertebrae and 
hones of the feet The axes of the femur, fibula, tibn and forearms showed 
indistinct curvature 1 ho head of the humerus showed club-shaped thicken- 
ings I lie held of the left fenuir stood in coxa-valga position 

Neeropsv revealed that the degree of thickness of the bone substance was 
niereased, iiinsmuch .is there were lime deposits in the marrow spaces, which 
in places eompletch filled the marrow space, with the exception of very small 
blood vessel canaliculi This lime deposit rested partlj on the wall of the 
arteries but was independent of the condition of the mcdullarj' tissue Bone 
changes were found in the whole skeleton The posterior clinoid process and 
the sella turcica showed clublike thickenings, which authorities believe cause 
a decrease in function of the hjpophysis 

Woitby of notice was the considerable narrowness of all the 
foramina of the base of the skull This nai rowing seemed to justify 
the conclusion that the optic nerve atrophy, vvdnch is so often notice , 
might be due to bony pressure upon the optic nerv^e Schulze believes 
that tlie slow bone formation is responsible for the increase in the ime 
content in the blood and can be consideied as a final result of e ec s 
in the lime metabolism 

In this disease, according to Virchow,® the noimal excretion o 

9 Virchow Die Kalkmetastase, Virchows Arch f path Anat 81 618, 
1856, ibid 81 103, 1855 
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sails IS reduced because of inflamed or diseased kidneys, an accumula- 
tion of these salts in the blood occurring as a consequence It has been 
shown, however, that marked disturbances m lime metabolism are 
possible even when the kidneys are not diseased The kidneys m the 
case observed by ^^lrchow presented a hyaline degeneration of the 
glomeruli due to an obliterating endarteritis and calcification The 
process which at first seemed dependent on an excess of lime salts m 
the blood caused extensive calcification of the vessels 

According to Reiche, the osteosclerosis in his case was caused by 
m} elogenous leukemia or pseudoleukemia, but this is not very probable 
On the contrary, there exists a similarity between this condition and 
rachitis, as is shown b)' the condition of the proliferative cartilage zone 

Microscopically, the formation of the periosteal new bone is very 
slight The bone very often appears to be incomplete because of the 
imperfect bone corpuscles The cambium layer of the periosteum is dis- 
tinctly recognizable, but shows flat, spindle-like cells, without any very 
active zones of proliferation 

According to Lorey,^® cited by Schulze, the three children reported 
b} Sieck died with symptoms of anemia due to maxillary necrosis, 
with protracted suppuration Lorey reports the findings in a brother 
of the girls in whom he could observe great thickening of the ske’etal 
system, so that no separation between corticalis and spongiosa was 
possible 

Especially noticeable was the even thickening of the calcaneus and 
talus, which did not show a light place in the center, as m the two 
sisters The streaks running transversely, which in the other cases 
were very plain, were not visible in this case There was increased 
intraspmal pressure, and optic atrophy in a few weeks caused blindness 
The child died at the age of 5 months, after a severe anemia and 
necrosis of the maxilla with suppuration Necropsy was not performed 

10 Lorey Ueber eine sehr seltene Allgememerkrunkung des Skeletts 
(Marmorskelett), Verhandl der deutsch Rontgen-Gesellsch , cited by Schulze 
Arch f klm Chir 118 413 1921 



OSTEOPSATHYROSIS REPORT OF A CASE 

WITH ROLNTGflNOGKAiWS OF ELEVEN DI^^ERC^T FRACTURES 
IN THE SAME PATIENT 

DONALD M GLOVER, MD 

IlOSTON 

Tlie accompanying case of osteopsathyrosis was treated and studied 
m tlie surgical outpatient department of the Children’s Hospital, Boston 
J he accompanying scries of roentgenograms gives a graphic fracture 
histor} of the p.itient from the time he was 9 months old until his 
death, at 7Vj }ears 

In spite of the large number of cases reported in the literature, 
osteopsathyrosis, or fragilitas ossium, is a relatively uncommon cause 
of pathologic fractures Grifiith ^ and Ostheimer = had collected 193 
cases m all up to 1913, and since then a few cases have been reported 
In 1913 one c<isc was reported by Schwarz and Bass,® and another by 
Bamberg and Iluldschinsk) In 1914 Bookman ° reported one, and 
the following \car Kienbock “ collected thirt) -seven cases from the 
litciature (from 1888 to 1914) and added two cases of his own Blame ’’ 
repoited one case in 1916, and, in 1917, Hess ® presented four cases and 
Mixscll *’ two In 1920 Ruggeri reported one, and m 1921 Vander 

'''From the surgical service of the Children’s Hospital, Boston, under the 
direction of Dr James S Stone The roentgenogram reproduced in Figure 
12 IS used tlirougli the courtesy of the Massaclnisetts General Hospital 

1 GriHith, J P C The Diseases of Infants and Children, Philadelphia, 
W B Saunders Company 2 432, 1919 

2 Ostheimer, Maurice Fragihtas Ossium, JAMA 63 1996 (Dec 5) 
1914 

3 Sclnvarr, Herman, and Bass, M H Osteogenesis Imperfecta Report 
of a Case with Study of Its Metabolism, Am J Dis Child 5 131 (Feb ) 1913 

4 Bamberg, K , and Huldschmsky, K Ueber angeborene Knochenbruchig- 
keit, Jahrb f Kinderh 78 214, 1913 

5 Bookman, A The Metabolism in Osteogenesis Imperfecta with Special 
Reference to Calcium, Am J Dis Child 7 436 (June) 1914 

6 Kienbock, R Ueber infantile OsteopsathjTose, Fortsch a d Geb 
Roiitgenstrahlen, Hamb 23 122, 1915 

7 Blame, E S Idiopathic Infantile Osteopsathyrosis, Am J Roentgeno 

3 438 (Sept) 1916 /rr i, ^ 1017 

8 Hess, J H Osteogenesis Imperfecta, Arch Int Med 19 163 (Feb ) 

9 Mixsell, H R Osteogenesis Imperfecta with Report of Two ases, 

Arch Pediat 34 756 (Oct ) 1917 

10 Ruggeri, E Idiopathic Osteopsathyrosis, Pediatna 28 953 (. 

1920 
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Veer and Dickinson reported one There have doubtless been others 
that I have overlooked In other words, more than 200 cases of 
osteopsathyrosis have been reported Contrasted with this apparently 
large group, we find that in a series of 45,000 births in the Gottingen 
Frauenchnic, Birnbaum found only one case of fragilitas ossium 
Again, in a series of 1,610 long bone fractures (including the clavicle) 
treated at the Massachusetts General Hospital, only two fractures due 
to fragilitas ossium are recorded 

REPORT OF CASE 

Histoiy — The family history was of no significance The father, motlier 
and five other children were living and well There was no history of bone 
disease, fractures or blue sclerae anj where in the family The patient was 
a full term baby and was delivered normally He was breast fed for fourteen 
months He had had measles, but no other illnesses, except for the fractures 
he had sustained His lower, central incisor teeth were present at birth About 
a year ago they had come out, and none had replaced them 

When 9 months old, the patient fell, fracturing the left femur just above 
the condyles (Fig 1) A plaster spica was applied m the surgical outpatient 
department of the Children’s Hospital, and union resulted, with practically 
no deformity 

Wlien 21 months old, he was jumping on the porch steps, when he began 
to cry and to hold up his right leg He did not fall, but he would not use 
his right leg after that The roentgen ray revealed a fracture at about 
the junction between the upper and middle thirds of the right femur, with 
slight anterior bowing (Fig 2) He was admitted to the hospital, where a 
plaster spica was applied with a pad over the site of the deformity At that 
time both femurs showed some anterior bowing, which Dr James S Stone 
then attributed to rickets (Fig 3) A small cystic rarefaction was noted at 
the lower end of the left femur 

Soon after discharge from the house, in the following month, the roentgen 
ray revealed shadows about the site of the fracture, which were rather more 
extensive than might be expected from callus formation alone (Fig 4 A) 
Three months later he was again admitted because of a definite tumor mass that 
had formed at the point of fracture Because of the possibility of new growth, 
the tumor mass was excised Pathologic examination, however, demonstrated 
the specimen to be callus and not new growth (Fig 4 5) At about this 
time, the patient complained of inability to flex the right forearm, but there 
were no clinical signs of fracture No roentgen-ray examination was made 
After immobilizing the arm with an internal angular splint for a few dajs, 
all symptoms disappeared 

When 2 years and 9 months old, the patient complained of some pain m 
the left thigh The roentgen ray disclosed slight raising of the periosteum 
along the middle third of the left femur (Fig S) A plaster spica was applied 
and kept on for two months, after which time all symptoms abated 


11 Vander Veer, E A, and Dickinson, A M Fragilitas Ossium, Ann 
Surg 74 629 (Nov ) 1921 

12 Birnbaum, R A Clinical Manual of the Malformations and Congenital 
Diseases of the Foetus, Philadelphia, P Blakiston’s Son S. Co , 1912, p 246 

13 MacDonald, R F Unpublished series of pathologic fractures 
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When 3 years old, he fell to the floor from a standing position His left 
arm swelled considcrabh , but the swelling disappeared within a few da\s, and 
the function seemed practicall> normal again A roentgenogram, taken one 
ucek Liter, revealed a fracture of the left radius, with some lateral displace- 
ment but no overriding (Fig 6) Good union was obtained with antero 
posterior splints 

Wlien he was 4 vears old, he fell again, and a green-stick fracture of the 
left radius resulted (Fig 7) This fracture united quickly without deformity, 
after splinting 



Fig 1 —Fracture of the distal end of the left femur at 9 months (the 
patient’s first fracture) 


At 4 years and S months, he fell from the davenport, 
right arm The upper third of the right humerus was 
paratively httle displacement (Fig 8) Good union ° 
of a traction splint, after a triangle in the avilla had fade 

Wl.e„ 5 .ear. o.d, .l.e bo. fd, ,ro™ a can oa.o .<•' 

fracturing the right clavicle about the middle (Fig ) roentgeno- 

without deformity, a Velpeau bandage being used At the same 
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grains were made of both tibias, because of the bowing they presented (Fig 10) 
This bowing was interpreted by Dr Percy Brown as being due to rickets 

When he was nearly 7, the patient fell on the left arm, breaking both 
bones of the forearm (Fig 11) He was treated in the outpatient department 
of the Massachusetts General Hospital, and good union was obtained, although 
marked bowing of both bones remained 

At 7 Years and 3 months, he fell over backward, his weight falling on his 
hyperextended palms Swelling appeared over the flexor tendons of the left 
wrist, and flexion and extension became painful The swelling and tenderness 



Fig 2 — Fracture of the right femur at 1 year and 9 months 

disappeared in two or three days, but some ecchymosis remained Slight mobility 
was detected on palpation, and the roentgen ray demonstrated that a small 
crack had been opened up at the site of the last radial fracture (Fig 12) 
This injury was treated with a posterior splint and pads and adhesive straps 
to correct the bowing, with fairly good results Roentgenograms of all the 
long bones, the skull and the chest were taken at the same time (Figs 13, 
14, 15, 16 and 17) The long bones of the extremities all showed anterolateral 
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bo\Mng, ^\lth marked thickening of the cortex of the diaphysis and relative 
thinning at the cpiphjsis Tlic chest showed nothing remarkable, and the skull 
showed onlj moderate thinning 

At /’/_• jears, the patient tripped o\cr a rug and fell on his right arm The 
roentgen ra\ re\calcd no evidence of fracture Nine da\s later he again fell 
on the floor at home, breaking the right humerus at about the junction of the 
middle and upper thirds The roentgen ray disclosed a clean, right-angled 
break, with practicalh no displacement (Fig 18) He walked into the out- 
patient department that morning The arm was immobihred w'lth coaptation 



p,g 3— Appearance of the left femur at the time 
femur, shown in Figure 2 A cystic area is seen m 


of fracture of the right 
the lower third 


and an .n.crnal an^nlar sphnt He 

the afternoon, and, at there was no e.idence of other n,nr,,^^ 

to eo home During the evening he vomited ' i„„ to 

Ills local physician, who made a diagnos s o 

the hospital On the way to the hospital, he is 

cranial hemorrhage Necropsy was not perform ^ 

Physical Exaimnation—ht no time and slight deformities 

able about the patient except bowing of t e t p . 

due to the various fractures f s ^ ; ^ened chest and a rather 

tioned and of about normal size, with a sii.i y 
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prominent abdomen All of the extremities showed moderate outward bowing 
The lower, central incisor teeth were absent, and the alveolar process was 
much thinned out at that point There was no evidence of the presence of 
permanent incisors m the alveolar process to replace the missing teeth The 
sclerae were of normal color and did not show the dark bluish tint which 
has often been described in patients with osteopsathyrosis 

Summary — The patient was a boy, aged 7^4 years, with negative family 
history, who had sustained multiple long bone fractures, and who died following 
what was probably a fractured skull Eleven fractures were demonstrated by 
the roentgen ray, and there were two other probable fractures which were not 



Fig 4 — A, appearance of femur one month after the fracture shown in 
Figure 2, showing the excess of callus formation at the site of fracture, B, 
four months after the fracture The apparent tumor at the site of fracture 
proved to be callus 

roentgenographed The fractures were distributed thus left radius, 4, right 
humerus, 2 (3^), left femur, 2, right femur, 1, right clavicle, 1, left ulna, 
1, and skull, 1 ( ^) 

All of the fractures were the result of comparatively slight trauma, and 
all, with the exception of those immediately preceding death, united readily 
The deformities resulting from fractures were insignificant, but the long bones 
of all the extremities showed a certain amount of outward bowing from 
infancy One of the early fractures showed excessive callus formation, and in 
one other case a small cystlike rarefaction of the bone was noted 
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riZRMlNOLOG^ 

Many names have been applied to this condition uhich is character 
.=d by consonal bon. frag, In, Osleopsalbyros.s, o 

and oslcogene,,, .mperfccln are Ihe lenns com, non mo m the Fnghsh 

r.liirc Idiopatinc ostcopsatb, roMt,” ,s accepted by most „i the 



Fig S — Fracture of the left femur at 2 }'ears and 9 months, shown here 
bv raising of the periosteum Both femurs show considerable bowing and flaring 
at the epipli 3 'seal line 


continental writers It has been pointed out that “fragilitas ossiuin” 
accentuates the chief clinical symptom of the disease, while “osteogenesis 
imperfecta" suggests the etiologic factor of imperfect bone formation - 
Practically all writers use osteopsathyrosis and osteogenesis imperfecta 
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synonymously, but Griffith ^ reserves the latter name for cases of multi- 
ple intra-uterine fractures, together with imperfect development of 
membrane bone 

CLASSiriCATION OF CASES 

Nichols divides fragihtas ossium into two groups (1) symp- 
tomatic fragility, in which fragility is due to one of various known 
pathologic processes, as rickets, old age, osteomyelitis, tuberculosis. 



Fig 6 — Fracture of the left radius m its upper third at 3 years 


tabes, syringomyelia, paralysis, malignant disease, bone cysts or 
ecchinococcus cysts, and (2) “idiopathic fragility,” which is identical 
with osteogenesis imperfecta Ostheimer describes two types of cases 
(1) the fetal type found either at birth or shortly thereafter, with 
imperfect bone formation and multiple fractures (imperfect osteo- 
genesis or periosteal dysplasia) Frequently these patients do not 

14 Nichols, E H , in Keen Surgery Its Principles and Practice, Phila- 
delphia, W B Saunders Company 2 56, 1914 
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survive after the first year (2) The congenital type found in infants 
and childien, at birth or later, with fractures recurring often until 
puberty oi even adult life, associated with similar bone changes (idio- 
pathic ostcopsatliyrosis) These patients, with care, will survive but 
are often badly crippled Locke adds a third, the adult form, 
cncounteied as an idiopathic fragility of the bones after childhood 



Pig 7 — Fracture of the left radius in its lower third at 4 years 

ETIOLOGY 

No definite etiology for osteopsathyrosis has been determined It 
occurs about equally in males and females The hereditary factor has 
been recognized by many writers,*® and the incidence of osteopsathy- 

15 Locke, E A Oxford Medicine, New York, Oxford University Press 

4 452, 1921 , ^ 

16 Conard, H S , and Davenport, C B Hereditary Fragility of Bone, mn 

14, Eugenics Record Office, Cold Spring Harbor, N Y , ovem er, 
(Includes a complete bibliography ) 
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rosis m persons with blue sclerae is sufficiently high to suggest that 
there is a definite relation between the two conditions 
, The principal theories advanced as to the etiology are (1) 
The disease is an aflfection of some central organ (osteotrophic organ) 
which furnishes some substance necessary for the normal formation and 
nutrition of bones,® (2) the disease is of nervous origin, and (3) it 
IS due to some disturbance of nutrition affecting the entire bone system 
during fetal life 



Fig 8 — Fracture of the right humerus at 4 years and 5 months 


PATHOLOGY 

The disease apparently affects only the bones, as no constant 
pathologic condition has been found elsewhere m the body 

Growth of the bones in length usually proceeds normally, but the 
bones may appear to be much shortened because of bowing and angula- 
tion resulting from fractures There is no constant gross deformity 

17 Biggs, M H Univ Penn M Bull 15 488, 1S02-1903 

18 Harbitz, F Beitr z path Anat u z allg Path 30 605, 1501 
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In some cases, the bones have been describee] as being thin and delicate, 
but in main cases (as in tlie case described heiewith). Die bones appear 
to be pioportioned normally The extent of deformity usually depends 
on the numbei of fiactuies pieviously sustained, although (as cited 
abo^c) there is often an intrinsic bowing of the long bones, entirely 
independent of tiaumatic defoimities This bowing is usually not so 
pionounccd as that of iicKets, and is confined to the diaphysis, in con- 
tia'-t to the epiplnseal defoimities in rickets 



Fig 9 — Fracture of the right clavicle at 5 jears 

The skull IS usually normal in size and shape in the older cases In 
the eaih, fetal cases, the skull may be only a membranous sac with 
islands of calcification 

Micioscopically, the bone usually shows a cortex which is thin and 
fiiable with occasional islands of cartilage Trabeculae are often 
impel fectly formed or absent Nichols says that instead of osteoblasts 
depositing new bone on a cartilaginous matrix, the trabeculae are 
formed by calcification of cartilage cells The dense bone formed is 
nonlammated oi impei fectly laminated, with no haversian canals but 
with large marrow spaces in which there are few trabeculae The 
foimation of periosteal bone is also abnormal and incomplete Several 
writers have called attention to the fact that in this disease there is 
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increased absorption of bone but very scant bone proliferation There 
IS a diffeience of opinion concerning the relative amount of calcium 
salts present, it not being definitely determined that there is a lack of 
calcium in patients v/ith osteopsathyrosis 



Fig 10 — Alarked anterior bowing and thickening of the midportion of the 
diaphyses of the bones of the low’er leg at the time of fracture of the humerus, 
shown in Figure 9 

S Y U PTO M ATOLOGY 

Aside from the tendency toward frequent fractures, there are prac- 
tically no constant symptoms 

In some of the earlier cases, the appearance of the patients conforms 
more or less to type They hace a relatively large head, small chest, 




Fig 12 — Refracture of the left radius at 7 years and 3 months, at the site 
of the previous fracture 
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and a protuberant abdomen The later cases, however, may show no 
recognizable peculiarities of form 

As has already been mentioned, m some patients there is a dark blue 
tint in the sclerae, which is said to be due to deficiency of the sclerotic 
fibrous tissue, allowing the pigment of the choroid to show through 
Clmactei of the Ftactiucs — As the name suggests, the most char- 
acteristic symptom of the disease is the extreme brittleness of the bones 



Fig 13 —Characteristic deformity of the bones of the arm, three months 
before the patient’s death 


and the ease with which fractures are sustained The trauma is usually 
slight, and very often the signs of fracture are meager Instances 
have been cited m which even the most careful handling of diseased 
infants or children caused fractures, and in other cases a mere hand- 
shake has been enough to break the forearm Very little pam, tenderness 
or swelling is attendant on these fractures, mobility or deformity often 
being the only sign found Frequently the child will show nothing 
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more than unwillingness to use the afTecled arm or leg The tendency 
to fractuie is bilateral, and both sides of the body are usually affected 
sooner or latei The long bones of the extremities, the clavicles and the 
ribs aie the most common seats of fracture, but the other bones of the 



p,g 14 —Characteristic deformit}' of the femurs, three months he 


patient's death 


body are occasionally involved The femur is the one 
monly broken m osteopsathyrosis (Locke) Fracture 


bone most com- 
of the skull IS 


comparatively rare ^imtured The callus 

Kienbock states that the periosteum is rarely r p „ 

forms 1.1 the usual way and is va.iable in amount R is gen 
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that these fiactures unite more readily than those m normal bone, but 
Kienbock asserts that the healing may not be complete for several 
months In support of his contention may be mentioned the fact that 
refracture occasional!} occurs at the site of previous injury, several 
months after union is thought to be complete Such an instance is cited 
in the case described herewith Certainly most of the fractures in this 
case wei e followed by apparently firm union in shorter time than that 



Fig 15 — Characteristic deformity of the bones of the leg, three months 
before the patient’s death 

required for most normal bones Kienbock also asserts that the callus 
may be considerably hypertrophied, an instance of which peculiarity 
was noted above, following one of the early femur fractures (Fig 4 S) 
The number of fractures varies greatly, but few patients have less 
than ten Terry reports the case of a man, aged 42, with more than 

19 Terri, W I Hereditary Osteopsathj rosis, Ann Surg 68 231 ( A.ug ) 
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sixty fiactuics Mixscll records the case of Cliaussier with 113 frac- 
tuics Accoiding to Emeison,-" the tendency to fragility is lost if the 
patient Ines to be 30, but lie mentions one case in which the disease 
continued to the seventieth year 

Rocnfgcn-Roy Appcmauccs — Locke has admirably summarized 
the rocntgen-iay findings noted by various authors, as follows “(1) 
a high degiee of osteopoiosis uniformly affecting the entire skeleton, 



death 


the variations m density giving a mottled ™Ju)ar 

deformities of the long bones of the ^ (t) apparently 

type, due to fractures, rarely ^actures 

a^riutog^calltil’Torniation, (4) often excess callus formation 
Oxford University Press 6 /^3, IVUV 
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with variable degree of calcification A transverse line of decalci- 
fication IS often seen at the point of previous fracture, (5) the epi- 
physeal line IS straight, cartilage is always thin, (6) a very faint shadow 
IS given b)- all the bones, frequently scarcely more dense than that of the 
surrounding soft parts, (7) the cortex is thin, irregular and deficient 
in salts , (8) the spongiosa of both epiphysis and diaphysis is extremely 
faint with entire absence of normal markings , (9) the medullary cavity 



Fig 17 — Appearance of the skull of the patient, three months before his 
death 


IS very irregular in outline and di’ated ” These changes are consider- 
ably less marked m some of the milder cases, such as the one 
described abote 

Metabolism — Seteral interesting metabolic studies on patients with 
osteopsathyrosis have been made uithin the last feu }ears '\^'l^Ile these 
studies have not been conclusive thej ha\e suggested that calcium 
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-e abol.M,, may have .ome bear.ng on ,h,s type of hone frag.hty as 
as on II, c tlcfornnl.es of nckets They have also suggested a 
method of l.ealment winch n,ay prove to he helpful 

ros,s "whn'h ' I "■'* “teopsathv- 

rosis, uho had a healed fmclurc, five weeks before the time of the 

e.vpc„me,,t He found m tins patient a niarkedlj negahve calc, urn 

balance (loss of 0019 gm of calcium monoMd per kilogram of body 



Fig 18 — Fracture of the right humerus at 7 jears and 6 months On 
comparing this illustration with Figure 8, it will be noted that the cortev of 
the diaphysis is relativel}' thinner than it was at the tune the earlier roent- 
genogram was taken 


weight), and likens his to similar findings m osteomalacia The nega- 
tive balance is explained by the fact that in both conditions calcium from 
the already formed bone is being liberated and thrown out of the 
system 

21 Bookman, A The Metabolism in a Case of Idiopathic OsteopsathjTosis, 
Arch Int MeJ 8 675 fNov ) 1911 
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Schwarz and Bass ^ studied the metabolism of a 7 months old infant 
with osteogenesis imperfecta, who had had no fractures subsequent to 
the fourth day after birth They found a practically normal, or positive, 
calcium balance (with retention of 0 109 gm ) 



Fig 19 — Appearance of patient at 7 jears and 3 months 


Bamberg and Huldschinsky’s * case showed a variation from a loss 
of 0 019 to a gam of 0 136 gm , the latter figure being obtained while 
the patient was under treatment with cod Iner oil and phosphorus 
Bookman,'^ in his studies on a 3 months old infant with osteogenesis 
imperfecta, also found a low' calcium retention, w'hich, how'ever, vaned 
w'lth the course of the disease He also found that the deficient reten- 
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tion of calcium was facorably influenced by the administration of cod 
hvei oil and phosphorus, and still more by calcium lactate He believes 
that the similar results obtained in rickets suggest an etiologic relation- 
ship to osteopsathyiosis 

Ruggeii studied the metabolism in a girl of 13, with a history of 
twehe fractures He found that she had a daily high deficit in the 
phosphouis, calcium and magnesium balance This balance was 
lmpro^cd for a short time by the administration of th}mus and 
su])rarenal extracts, but gradually the condition returned to its original 
status within a few months 

PROGNOSIS 

The outlook m cases of osteopsathyrosis is poor, in spite of the fact 
that a few p<iticnts have grown to adult life, apparently overcoming the 
bone fragility front which the}' suflered in earlier }ears Most of the 
patients that survive are deformed by earlier fractures Few fractures 
occur after the patient is in the early twenties, and after that time the 
prognosis is fairly good Below that age, however, the mortality is 
high The mortality is almost 100 per cent in the fetal type, the 
majority dying in utero 

DIAGNOSIS 

The diagnosis is usually perfectly clear, because there is no other 
congenital disease in which multiple fractures occur Rickets and 
syphilis occasionally cause fractures in young children , but rarely more 
than two or three fractures occur m the same person as a result of 
these affections 

TRCATMCNT 

The fractures are treated in the usual way, great care being taken 
to prevent distressing deformities, by preserving good ahnement 

The metabolic studies already mentioned would point to the efficacy 
of cod liver oil and phosphorus, and m some cases they have seemed 
beneficial Hess ® uses a dose of 4 c c , twice daily, of either of the 
following pi eparations phosphoi us, 0 01 gm , and cod liver oil, 60 c c , 
or pure tnbasic calcium phosphate, 6 gm , and cod liver oil, 60 c c 
Czerny ““ reports benefit from the use of 100 gm daily of raw carrot 
juice, on the theory that osteopsathyrosis is an avitaminosis 

Care of the patient to prevent fiactures is the most important single 
factor m the treatment of osteopsathyrosis 

22 Czerny, A Berl khn Wchnschr 61 310, 1919, Deutsch med 
Wchnschr 45 259, 289 (March 6) 1919 



THE DELBET WALKING PLASTER FOR TREAT- 
MENT OF DELAYED UNION IN FRACTURES 
OF BOTH BONES OF THE LEG 
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AN'r ARBOR, MICH 

Delayed union is a common complication m fractures of both bones 
of the leg, especially those in the lower third The term will be here 
used to describe those cases in which there are movement between the 
fragments and tenderness at the site of fracture, and m which the 
roentgenograms reveal open medullary cavities and little or no callus 
formation Pseudarthrosis has not developed in these cases 

The treatment for delayed union has very generally been direct 
fixation of the broken ends by metal inserts or bone grafts These 
methods may succeed , but m too many instances they have failed 
because a long period of immobilization has produced atrophic and 
poorly nourished fragments — conditions unfavorable to the production 
of callus or the proliferation of a bone graft The patient has also been 
subjected to all the risks of a major operation, including the danger 
of sepsis The clinical picture of these cases is characteristic, a withered 
limb and stiffness of the joints — both evidence of poor circulation and 
deficient nutrition 

The reverse of this picture may be produced by the substitution of 
a method that not only is simpler but also embodies a principle funda- 
mental to the growth of bone — provision for the mechanical stimulation 
of the fragments 

Experience in the treatment of these cases has shown that this 
stimulus may be best supplied by active use of the limb in weight 
bearing, which not only improves the impaired circulation but stimu- 
lates the osteoblasts, with resulting production of callus To allow such 
use of the limb in weight bearing, some apparatus is necessary which 
will prevent further displacement of the fragments and at the same 
time permit free circulation in the limb and active use of the muscles 
and joints The Delbet ambulatory splint has proved a simple and 
efficient appliance in meeting these requirements ^ 

DESCRIPTION OF THE DELBET AMBDLATORy SPLINT 

The apparatus consists of lateral, molded plaster-of-Pans splints 
reaching from the knee to the junction of the skin of the sole vith that 

1 Mocquot, Pierre, and Cara\en, J La marche directe dans les fractures 
de jambe Rev de chir 40 601, 1909 
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of tlie uppei pan of the foot Two molded plaster bands are passed 
about the lateral splints, one just below the knee, the other just above 
the malleoh J hose bands bear, and cause the lateral splints to bear 
against the tubeiosily of the tibia and the head of the fibula above and 

against the malleoli below, thus preserving the length of the lee 
(Fig 1) 



Fig 1 — Metliod of cutting strips of crinoline to make the plaster bands for 
the Delbet ambulator 3 splint for fracture of the tibia and fibula A, upper 
band, B, lower malleolar band, C and D. lateral bands with folds 10 cm long 
at the inferior extremitj, and E, lower band for the malleoli, with notch cut 
in the heel piece for the heel (from Leriche) 

APPLICATION or THE APPARATUS 
The apparatus is applied directly to the shaved and greased skin The 
two lateral molds ai e applied to the leg and held by assistants while the 
operator anchors them with the circular cuffs, one about the tuberosity 
of the tibia and the upper end of the fibula, the other just above t e 
malleoli The plaster is then carefully molded to the leg, especia y 
about the tuberosity of the tibia and the malleoli It is very essen la 
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that the plaster he smooth m order to prevent irritation of the skin and 
the formation of pressure sores A snug bandage is applied until the 
plaster has set Figures 2 and 3 are front and side views of the Delbet 
splint applied 

At first the patient is allowed to walk using crutches, permitting 
only partial weight bearing As soon as he has become accustomed 



Figure 2 Figure 3 

Fig 2 — Anterior \ie\v of Delbet walking plaster 
Fig 3 — Lateral view of Delbet w’alking plaster 


to the apparatus, the crutches are discarded and a cane substituted 
In from a few days to a week, the patient is walking with no other 
support than that provided by the splint It is essential that the patient 
be under close observation for at least the first few weeks of treatment 
to guard against undue pressure on the malleoli or tuberosities It is 
a good practice to change the splint once a month in order to care for 
the skin and to determine the position of the fragments and the amount 
of union Roentgenograms are taken once in si\ weeks to obser\e the 
callus production 
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The results obtained have convinced us that cases of ununited frac- 
ture of both bones of the leg of several months’ standing should be 
treated by some form of weight-bearing appliance, preferably the Delbet 
splint It has enabled us to avoid operations m a number of instances 
Case 1 IS a good example of a very satisfactory result This patient 
entered the hospital with an ununited fracture of both bones of the leg, 
of four months’ duration Previous treatment had been reduction 



Fig 6 (Case 1) —End-result, showing consolidation of callus 

followed by fixation in a plaster-of-Paris cast for a period of three 
months The position of the fragments and the amount of callus, four 
months after injury, are shown in Figure 4 The leg was put m the 
Delbet splint for a period of three months, when union was firm 
The amount of callus is shown in Figure 5 Figure 6, taken five months 
later shows complete consolidation of the callus Four months after 
admission, the patient was working as a hospital orderly without a 
splint and with free motion in the knee and ankle joint‘d 




^RCHIFES of surgery 

That this method has pi oved successful when operation with platm? 
has fa, led ,s dlustrated by Case 2 (F,gs 7, 8, 9 and 10) Three mol! 

xtn f )'“P>tal, there was no union 

wo and one-half months after the application of the Delbet splint 

orSir' ™“‘S““S'-ams revealed a definite produLon 



Fig 7 (Case 2) — A, fracture with overriding of fragments, B, fracture, 
three months after operation, showing no caiJus 

Satisfactory results have also been obtained in cases in which opera- 
tions had been performed either with or without bone grafts, the 
operation being followed by sepsis and osteomyelitis Cases 3 and 4 
are e>amples of this type It is well known that mild infection of bone 
will often stimulate callus formation , but in these cases, two months of 
fixation in a satisfactory position failed to produce union The use of 
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the Delbet splint for a period of from four to five months resulted in 
union The progressive formation of callus is shown in Figure 11 
(Case 3) and in Figures 12, 13 and 14 (Case 4) 

REPORT OF CASES 

Case 1 — A teamster, aged 45, April 5, 1920, was struck by a log, causing 
fracture of both bones of the right leg at the middle third The treatment con- 
sisted of reduction of the fracture and immobilization for a period of three 



Fig 8 (Case 2) — Callus forming, one month after application of Delbet splint 

months At the end of that time he was unable to bear weight on the leg 
because of weakness and pain at the site of fracture He entered the Uni- 
versity Hospital, Aug 4, 1920 

Examination re\ealed an ununited fracture of both bones at the middle 
third of the leg, motion with pain at the site of fracture of the tibia and 
three-fourths inch (19 cm) shortening The ankle joint ^\as swollen and 
motion was limited He was unable to bear weight on the leg because of 
pain The Wassermann reaction was negati\e The roentgenogram (Fig 4), 
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taken Aug 5, 1920, demonstrated an oblique fracture of the tibia with die 

Sept 21, 1920, the Delbet splint was removed There was only slight motion 
,v«tat Xr suTporf ^ 



Fig 9 (Case 2) — Increase in callus, two months after application of Delbet splint. 


Nov 9, 1920, union was firm Figure 5 shows the very decided increase in 
the amount of callus The patient is working as an orderly in the hospital 
with no supportive apparatus The ankle joint is only slightly limited m 
motion A roentgenogram (Fig 6), taken April 22, 1921, showed complete 
consolidation of the callus 

Case 2 — A lumberman, aged 48, April 21, 1920, sustained a fracture of both 
bones of the leg at the junction of the upper and middle thirds Figure 7 A 
shows the position of the bones, with marked overriding of the fragments 
Operation was performed April 30, 1920 The fragments of the tibia were cut 
off, the ends apposed and a Lane plate applied I saw the patient first, Jay 
16f 1920 He was wearing a plaster cast and using crutches without weig 
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bearing Examination revealed good alinement of the fragments, tenderness 
and motion, with pain at the site of fracture The roentgenogram (Fig 7 B), 
taken July 16, 1920, revealed perfect approximation of the fragments, but no 
evidence of union 

Aug IS, 1920, a Delbet splint was applied 

Sept 18, 1920, the Delbet splint was removed Figure 8 shows the increase 
m callus formation 



Fig 10 (Case 2) — Complete consolidation, four and one-half months after 
application of the Delbet splint 


Oct 13, 1920, union was firm clinically, and the roentgenogram (Fig 9) 
taken Oct 13, 1920, shows the amount of callus formed after wearing the Delbet 
splint for two months 

Dec 14, 1920, all apparatus was removed Union was firm, and the ankle 
was only slightly limited in dorsiflexion 

Jan 5, 1921, a roentgenogram (Fig 10) revealed complete consolidation of 
the callus, four and one-half months after the application of the Delbet splint 
There is a permanent shortening of VA inches (3 8 cm), causing the patient 
to limp slightly The plate was removed, Jan 6, 1921 The wound healed by 
first intention 
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hMhT 42, May 28, 1920, sustained a fracture of 

both bones of the leg in an automobile accident The fracture was reduced a 

plaster-of-Pans cast was applied and maintained for a period of fourteen weeks 
he plaster was then removed, and, as no evidence of union was found the 
patient was operated on and a bone graft inserted The leg was then fixed in 
plaster-of-Paris for a period of seven weeks About four months after the 

injury, all fixation was removed Dec 29, 1920, the patient was sent to the 

Universitj Hospital for treatment of nonunion 



Fig 11 (Case 3) — A, ununited fracture of seven months’ standing, showing 
evidence of fragments of bone graft, B, callus bridging fragments, four months 
after application of Delbet splint, C, end-result with union, seven months after 
application of Delbet splint 

Eiammafton — There was a linear scar over the internal aspect of the tibia 
of the left leg — site of the previous operation — ^and an ununited fracture of the 
tibia at the junction of the middle and lower thirds of the leg, free motion 
between the fragments with pain, and 1 inch (2 5 cm) shortening The roent 
genogram (Fig 11), taken Dec 30, 1920 shows a fracture of both the tibia 
and fibula, with eburnation of the ends and some callus formation Extending 
into the medullary canal of the proximal and distal fragments of t e ti la 
an old graft, with no union of either bone 

Diagnosis — Pseudarthrosis of the tibia and fibula 


ABBOTT— DELBET WALKING PLASTER 


495 


Opciation — ^Jan 7, 1921, the ends of the fragments were freed and the scle- 
rotic bone and old graft were removed A new graft was cut m the form of 
a truncated cone and wedged across between the upper and lower fragments 
(after the method of Gallie) Periosteal grafts were then taken from the 
opposite leg and strips were placed on three sides of the tibia During the 
application of the plaster, an assistant twisted the foot and, it was feared at 
that time, displaced the graft 



Fig 12 (Case 4) — A, fracture with nonunion and marked internal bowing, 
B, lateral view 


Cottise — Jan 10, 1921, the plaster was split and the wound inspected The 
graft was found to be displaced and to be sloughing its wa^ through the skin 
The removal of the graft was followed by sepsis The plaster was therefore 
removed and a splint applied, holding the leg m good position and allowing 
for dressings 

Feb 25, 1921, the sepsis had cleared up and the wound was granulating 
There w'as no evidence of union A Delbet walking splint was applied and 
the patient was encouraged to walk 
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April 12, 1921, the patient had been walking with the Delbet splint for about 
SIX weeks There was still motion between the fragments but it was not nearly 
so marked as before application of the Delbet splint The patient was seen 
again, June 13, 1921, and the roentgenogram of the same date (Fig 11 B) 
revealed definite production of callus between the fragments of both the tibia 
and fibula Clinically, the union was quite firm 

Sept 20, 1921, the roentgenogram (Fig 11 C) demonstrated bony union The 
patient walked without any support and did not complain of any pain His 
only symptom was a feeling of weakness and slight limitation of motion m 
the ankle 



Fig 13 (Case 4) —Mortising operation 


Cask 4 -History -A nan, aged 33. one year 
automobile wreck in which he sustained a ^ p^nod 

tibia and fibula The fracture was reduced and fixed pl 
of seven weeks Operation was then performed the , 3 St 

being freshened but no internal fixation -was used J" 

Zs worn for three months snbsegnentlj On removal there was mo 
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the fragments The patient had tried ali sorts of treatment and supports of 
various kinds, but nonunion had been the result and in addition there was 
pronounced inward bowing at the site of fracture 

Examination — Dec 1, 1920, there was a scar, 4 inches (10 cm) long, over 
the mesial surface of the tibia, with pronounced inward bowing at the site of 
fracture There was motion between the fragments without pain, one-half 
inch (12 cm) atrophy of the calf and 1 inch (2 5 cm) shortening of the 
leg The roentgenogram (Fig 12), taken Dec 2, 1920, revealed a simple trans- 
verse fracture between the middle and lower thirds of the tibia, with marked 



Fig 14 (Case 4) — Callus uniting all four fragments, four and one-half 
months after application of the Delbet splint 

sclerosis of the ends of the fragments and inward angulation of about 30 degrees 
There was a space still present between the ends of the tibia and fibula The 
diagnosis was pseudarthrosis 

Operation — Dec 8, 1920, the ends of the fragments were freed, a mortise 
was made and held bj beef bone pegs Figure 13 is a reproduction of a roent- 
genogram taken shorth after operation 
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Couise — Dec 20, 1920, the sutures were removed There was no evidence 
of infection 

Jan 2, 1921, at the upper portion of the wound, there was a small sinus 
discharging a thin serous material 

Jan 11, 1921, the patient had had a rise in temperature, with swelling at 
the site of operation and formation of an abscess 

Jan 12, 1921, an incision was made, drainage was established and the beef 
bone pegs were removed From this time until the middle of March, dressings 
were required and the fragments were immobilized in a satisfactory position 
March 17, the wound was granulating and there was free motion between the 
fragments It was then decided to try to stimulate callus formation by the 
use of a Delbet splint The splint was applied March 20 

April 24, 1921, the Delbet splint was removed There was definite motion 
between the fragments but there was not the freedom of motion which there 
had been before the Delbet splint w’as applied 

July 14, 1921, the patient returned and the Delbet splint was removed 
Examination revealed firm union The patient had been walking on a Delbet 
splint for about four months The callus formation is shown in Figure 14 
The patient was discharged wearing a brace to prevent any recurrence of the 
deformity 
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I INTRODUCTION 

In a previous expenmental study of the atrophic changes in bone 
which follow nonuse of an extremity, it was found that these changes 
were the same following nerve paralysis, joint injury and mechanic fixa- 
tion of the extremity The degree of atrophy of the bone was directly 
proportional to the degree of nonuse, regardless of the experimental 
method used to produce nonuse Mechanical fixation produced as 
rapidly developing and as marked bone atrophy as nonuse due to 
section of nerves or injury to joints 

In this experimental study it was found that nonuse of an extremity 
of an adult resulted in the bones of this extremity becoming lighter, 
more fragile and more permeable to the roentgen ray The length of 
the bones m adults was unchanged The diameter of the shaft of the 
bone was slightly diminished The diameter of the medullary canal 
was markedly increased The cortex of the shaft was thus diminished 
in thickness The trabeculae of the spongy bone became thinner, and 
in part disappeared In prolonged nonuse, the cortical bone of the 
shaft became porous If the period of nonuse of an extremit} was 
concurrent with the period of gro^^’th of the individual, the processes 
of atrophy and growth operated together, and the bones of the nonused 

* From the Department of Surgeri, Washington UnnersiU School of 
Medicine 
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extremity showed not only the same initial changes as were found in 
the bones of the adults, but also changes which were the result of an 
inhibition of growth The bones were relatively shortened, the 
diameter of the shafts was diminished , the diameter of the medullary 
canals was relatively increased, and the shape of the bones was altered 
The power of regeneration, the chemical composition and the physical 
characteristics of bone as a tissue were not changed by nonuse 

In this experimental study, the conclusion was therefore reached 
that the process of bone atrophy was not a change in the characteristics 
of bone as a substance but that the process of bone atrophy is a change 
in the amount of bone present The process of bone atrophy affects 
the size, shape, thickness, length, weight and texture of the whole 
bone , but the chemical composition, the physical characteristics and 
the regeneration of bone are not changed Bone atrophy is a quantita- 
tive rather than a qualitative change 

The object of this study was to observe the changes in bone which 
result from lack of use of extremities in various clinical conditions, 
and to compare these observations with those made on experimental 
animals 


II 


THE MATERIAL STUDIED 
The material which was studied consisted of the following groups 
of cases (1) poliomyelitis, (2) spastic paralysis , (3)peripheral nerve 
injuries, (4) Friedreich’s ataxia, (5) pseudomuscular atrophy, (6) 
syringomyelia, (7) chronic infectious arthritis, (8) tuberculosis of 
bone, (9) acute pyogenic osteomyelitis, (10) ischemic contracture, 
(11) fracture, (12) congenital deformities, and (13) astasia abasia 
In those groups in which a large number of persons were available, 
cases were selected so as to include various ages and periods of existence 
of the disabling disease In all cases, the age, the duration of the 
disability and the extent of the disability were obtained When the 
lack of use was unilateral, the bones of both the used and nonused 
extremities were studied The bones were studied by means of 
roentgen-ray examination In some instances the bones were available 
for gross and microscopic study The bones were studied as to length, 
thickness, diameter of the medullary canal, thickness of the cortex of 
the shaft and the number and thickness of the trabeculae of the cancel- 
lous bone In children the epiphyseal cartilages were compared as to 
regularity and thickness It was, of course, fully realized that measure- 
ments of bones from roentgenograms is at best not accurate, but 
great care was taken to have the bones as nearly as possible in the same 
position, and at the same distance from the tube and plate Thus t e 
measurements were accurate for comparison 

Changes m Bone Resulting p oni Nonuse m Adults —The o owi g 
examples illustrate the change<= in bone in adults which resu ro 

lack of use 
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Case 1 — Periphetal netve tnjwy A colored man, aged 26, two years pre- 
viously had caught his left arm in a belt on a revolving wheel, following which 
there was complete motor and sensory paralysis of the entire left forearm and 
a motor paralysis of the left arm There was no bone injury Sixteen months 
previously the brachial plexus had been sutured Since operation there had 
been only a slight recovery from the motor paralysis of the arm, and no 
recovery of motion in the forearm Sensation was completely recovered slowly 
m the entire extremity Examination revealed marked muscle atrophy of the 
entire extremity with no contractures 



Fig 1 — Roentgenogram of the right and left humerus m Case 1, a man, 
aged 26, with a brachial plexus injury of two years’ duration The marked 
diminution m thickness of the cortex of the shaft and of the left humerus, and 
the decreased density of the cancellous bone may be noted The diameter of 
the medullary canal is markedly increased and the entire thickness of the shaft 
IS slightly decreased Compare the illustrations with the measurements recorded 
in the description of Case 1 


Roentgenograms of both humeri were studied The right humerus appeared 
normal The left humerus showed marked thinning of the cancellous bone 
of its extremities There nas a marked increase in the diameter of the medul- 
lary canal with a corresponding thinning of the cortical bone of the shaft 
On close inspection linear striae of decreased density were noted in the cor- 
tical bone of the shaft (Fig 1) 
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Case 2-~Spashc paialysis A man, aged 60, had an apoplectic stroke 
thirteen months previously, which resulted in a complete right hemiplegia’ 
Three months after onset, he was able to walk There had been a gradual 
improvement m both the arm and leg He was able to walk with only a slight 
hmp at the time of examination The right hand, however, had not recovered 
to the point of usefulness There was a moderate flexion contracture of the 
hand and wrist There was no demonstrable muscle atrophy The circum- 
ferences of the forearms and calves were equal on the two sides There was 
voluntary power in all muscles of the right arm and forearm 

Two years previously the patient had fractured the left radius near the 
wrist joint From this injury there was a prompt and complete recovery 
Roentgenograms of both forearms and hands were studied There was a 
very striking difference in the roentgenograms of the two hands All of the 
bones of the right hand showed marked thinning of the cortex of the shafts 
due to increased diameters of the medullary cavities The trabeculae of the 
cancellous bone were fewer in number and thinner The shafts of the bones 


TABLE 1 — Measurements or Bones in Case 1 


Length 

Dlnmctcr at middlo of shaft 

Diameter of medullary cnnal (middle of shaft) 
Thickness of cortex (middle of shoft) 


Bight, Cm 

32 0 

23 

11 

06 

Left, Cm 

32 0 

21 

16 

025 

TABLE 2- 

-Measurements of Bones in 

Case 3 



Bight Badius, 

Left Bndlus, 

Bight Tibin, 

Left Tibia, 


Cm 

Cm 

Cm 

Cm 

Lcnetli 

241 

24C 

37 5 

37 3 

Diameter of shaft 

17 

16 

31 

26 

Diameter of mcdullarj ennni 

07 

06 



Tlilckncss of cortex 

06 

0 45 




showed evidences of increased porosity as well as decrease in thickness A 
difference in the bones of the forearm was distinct but less marked than it 
was in the bones of the hand The left radius showed a healed Colies' fracture 
The contracture of the right hand did not permit the taking of roentgeno- 
grams from which comparative measurements would have been of any value 
(Fig 2) 

Case S—Syungomyclta A white man, aged 38, at the age of 14 years, 
noticed a weakness in the left arm At 17 years of age, a weakness of the 
left leg was noticed There was a similar weakness m the right arm and right 
leg at the ages of 29 and 32 The weakness progressed until eight years pre- 
viously, when he could get about only with assistance For the last two years 
the patient had been able to get only from a bed to a chair On 
he presented the characteristic picture of advanced syringomyelia, with markeu 
muscle weakness and muscle atrophy of the extremities There uas ^ 
plete dissociation of sensation, but no complete muscle paralysis The 
both hands and feet showed typical “trophic” ulcers 

Roentgenograms of all the bones of the extremities were studied 

tL bones of both ams and le^s "'“-t bo« 

of thn shafts and of the cancellons bone of the gen 

of the shafts of all bones was slightly more porous 



ALLISON-BROOKS—BONE ATROPHY 


503 


eral the bone atrophy was not advanced There was, however, a definite cor- 
respondence in the amount of bone atrophy and the extent of loss of function 
in the extremities There was no evidence of any influence on the normal 
growth of the bones in length or shape (Fig 3) 

Case 4 — Ischemic contiactuie A white boj^, aged 16 years, one year pre- 
viously fell and fractured the left radius Splints were applied and a typical 
ischemic contracture developed On examination there was a flexion contrac- 
ture of the left hand and wrist with marked muscle atrophy and complete 



Fig 2 — Roentgenogram of the bones of the forearms and hands in Case 2, 
a man, aged 60, suffering from a right hemiplegia of thirteen months’ dura- 
tion The atrophic changes in the bones of the right extremity are not so ^\ell 
shown m the reproductions as m the original plates A marked difference, 
however, can be seen m the appearance of the right and left first meta- 
tarsal bones 

disability There was very slight motion in the fingers The contracture was 
overcome by excision of the carpus Roentgenograms uere made of both 
forearms and hands after the contracture had been relieved 

The bones of the left hand and forearm shou ed marked bone changes 
There -was a healed fracture of the radius m the distal third The cancellous 
bone of the distal ends of the radius and ulna was markedh thin There was 
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thinning of the cortex of the shafts of all the bones in the hand and forearm 
The diameter of the shafts of all bones was slightly decreased There was 
a decrease in length of both bones of the forearm The epiphyseal lines were 
completely absent in all bones of the left forearm The distal epiphyseal line 
of the right radius was present 

Case S Infectious aithuiis A white woman, aged 52, six years previ- 
ously received a crushing injury to her right foot, which was followed by an 
infection of the tarsal bones The infection resulted in destruction of the 
cuneiform bones and parts of the astragalus and os calcis The infection 
healed with an extreme valgus deformity of the foot There was no infection 
of the tibia or fibula The patient had not used the right leg since the injury 
She got about on the left leg with the assistance of crutches There was 
marked muscle atrophy in the right calf Roentgenograms of both tibias were 
studied 

There was a very marked difference in the appearance of the two tibias 
The left tibia appeared normal The right tibia showed extreme thinning of 


TABLE 3 — Measurements of Bones in Case 4 
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Changes in Bone Resulting fiom Lack of Use Duung Giowth — 
The following cases were chosen as examples showing the changes 
in bone which result from lack of use during the growing period 

Case 7 — Periphetal nerve mjniy A white girl, aged 9 years, had a single 
congenital dislocation of the left hip The deformity was such that the patient 
got about with a slight limp There was no apparent muscle atrophy An 
open operation was performed, and the dislocation was reduced Immediately 
following operation, there was a complete sciatic nerve paralysis The patient 



Fig 3 — Roentgenogram of the bones of the left upper extremity m Case 3, 
a man, aged 38, suffering from syringomyelia The first SMuptoms of the 
disease appeared twenty-four years previously The progress had been slow 
and the sensory paralysis was much more advanced than the motor paraljsis 
The bones show a moderate degree of atrophy 

was under observation for a period of five years after the nerve mjun At 
the end of this period there was some recovery of sensation There was a 
slight return of pow’er m the hamstring muscles Otherwise, there was a 
complete motor paralysis of all muscles supplied b> the sciatic ner\e, with 
marked muscle atroph^ The patient was unable to use the leg in walking 
Roentgenograms of both lower extremities were made fi\e jears after the 
nerve injuri Those of both tibias were studied in detail 
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The bones ot the right leg appeared normal for a 14 year old child Both 
epiphyseal cartilages were present m both bones The contours of both tibias 
and fibulas were normal Both bones of the left leg were abnormal The 
fibula had a very small shaft The epiphyses were large in comparison with 
the shaft, but were siTia)}er than normal Both epiphyseal cartilages of the 
fibula were absent The left tibia showed a decrease in the diameter of the 
shaft, and a relative increase in the diameter of the medullarj canal The 
epiphyses of the tibia were large in comparison with the shaft, but smaller 
than those of the normal tibia The cortex of the shaft was thinner than 
that of the right tibia The proximal epiphyseal cartilage was apparently 
absent The distal cartilage showed faintly The lengths of both tibias and 
fibulas were diminished (Fig 7) 


TABLE 5 — McAsoanMEXTS of Bones in Case 7 
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ually a marked flexion contracture developed The hand had not been used 
since injury— the thumb was adducted across the palm There were deep scars 
on the flexor and extensor surfaces of the wrist, as well as a deep scar on 
the thenar eminence The muscles of the forearm were markedly atrophied 
There was no evidence of sensory or motor paralysis The entire forearm 
and hand were shorter and smaller than normal The patient did not use 
the hand 



Fig 4 — Roentgenogram of the bones of both forearms in Case 4, a boy, 
aged 16 years, suffering from an ischemic contracture of the left forearm, of 
one year’s duration There is a diminution in size and density of all of the 
bones of the left forearm and hand The atrophic changes in the bones of the 
forearm are more marked in the distal portions of the bones The distal epi- 
physeal cartilages of the left ulna and radius are absent 

Roentgenograms of both forearms and hands were studied There was a 
marked diminution m the size and length of all bones of the right forearm 
and hand The distal end of the radius and ulna showed more marked changes 
than the proximal ends The cancellous bone of the distal end of the radius 
and of the bones of the hand was more porous The diameter of the shafts 
of the bones was relatneh decreased The medullary canals uere relatively 
increased The cortex of the shaft uas the same as that of the normal 
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extremity The epiphyseal lines were present in the hones of the left forearm 
Ihe epiphyseal lines of the bones of the right forearm had disappeared (Fig 9) 
Case 10— Tnbctculosts of htp A white girl, aged 6 years, two years before 
had begun to limp One year previously, examination revealed the typical 
clinical picture of tuberculosis of the hip There was at this time only slight 
bone destruction in the right acetabulum The right knee was slightly swollen 
and tender Roentgen-ray examination disclosed no bone destruction at the 
knee Tuberculosis of the knee was suspected, but could not be proved The 
patient was treated by traction in bed for six weeks, after which a spica cast 
was applied to the entire right lower extremity The patient has been con- 
tinuously in a cast for a year The cast had been changed four times during 
this period, but had never been off for more than a day The patient had 
been able to get about with crutches and a high sole on the left shoe, for the 
last three months For the last six months there had been no fever and the 
general condition of the patient had been very good 


TABLE 8 — Measurements or Bones in Case 10 


1/cngtli 

Diameter of sliaft 

Diameter of meduilarj canal 
IhicPncss of cortex 

Diameter of cpipiijsis 



Eight Tibia, 
Cm 

27 2 

1 3 

10 

0 30 

54 

Left Tibia, 
Cm 

27 0 

16 

10 

015 

50 

TABLE 9- 

-Measurements of 

Bones in 

» 

Case 11 



Blg:ht Tibia, 

Left Tibia, 

Eight Femur, 

Left Femur, 


Cm 

Cm 

Cm 

Cm 

Length 

310 

33 0 



Diameter of shaft 

21 

19 

26 

24 

Medullary canal 

14 

13 

16 

15 

Diameter of epiphysis 

70 

C8 




Examination immediately after removal of the casF revealed very httle 
motion in the right hip and knee There was marked muscle atrophy of all 
the muscles of the right thigh and leg 

Roentgenograms of all the bones of both lower extremities were studied 
The right hip joint showed extensive destruction of the acetabulum and head 
of the femur There was no evidence of a tuberculous focus in the region of 
the knee joint All bones of the right lower extremity showed extreme atrophic 
changes The tibia was chosen for comparative study since this bone was not 
involved in the disease process 

The right tibia showed a marked decrease m density of the cancellous bone 
The diameter of the shaft was decreased, the cortex was thinner, the right 
tibia was slightly longer than the left, the epiphyseal lines were all 
The epiphyseal lines in the right tibia were abnormally regular (Fig 10) 
Case 11 —Osfeomyehtis of femw A white girl, aged 12 years, at the age 
of 6 years had suffered from acute osteomyelitis which involved the ista 
end of the left femur The site of the infection was opened and drained There 
was a discharge from the bone for a period of one year The woun e 
closed, with the gradual reestablishment of normal function m the ex re i 
For a period of eight months, the left lower extremity was not used 
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the present time there is slight atrophy of the muscles m the thigh and calf 
on the affected side Roentgenograms of the bones of both lower extremities 
were studied 

All the bones of the left lower extremity were slightly smaller in all 
measurements The trabeculae of the cancellous bone w'ere few'er m number 
but thicker, presenting the appearance of a coarser netw'ork The epiphjseal 
lines were all present and did not lary on the tw'o sides (Fig 11) 

The patient had a short period of nonuse during the growing period, which 
was followed by complete return of use of the extremity 



Figure 5 Figure 6 

Fig 5 —Roentgenogram of the bones of bodi legs m Case 5 a woman, aged 
52 who had not used her right leg for a period of six jears because of a 
deformitj of the foot which followed an acute infectious process in the tarsus 
The bones of the right leg show ad\anced nonuse atrophj The thick, com- 
pact cortex of the shaft of the right tibia is changed to thin porous bone 
The illustration is characteristic of ad^anced bone atrophj which results from 
lack of use during the adult period 

Fig 6— Roentgenogram of bones of the legs m Case 6, a man, aged 56, 
with a nonunited fracture of the left leg of two j ears’ duration The bones 
of the left leg foot and ankle 'ihow marked atroph\ 
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Case 12 Fiactme A white boy, aged 14 years, at the age of 8 years fell 
and fractured the shaft of the right femur The fracture healed m good posi- 
tion, and function was restored Since this accident, however, the right femur 
had been refractured seven times, each time the result of a fall The patient 
was first seen by us m October, 1920, at which time there was a lack of 
union in the eighth fracture of the shaft of the right femur, which had been 
sustained two months previously The fracture had been treated by appli- 
cation of a plaster cast The patient staled that each preceding fracture had 
been treated in a similar manner Examination m October, 1920, revealed 
false motion in the middle third of the right femur Roentgenograms disclosed 
lack of approximation of the fragments Roentgenograms were made of all 
the bones of the body There was nothing abnormal except in the bones of the 
right lower extremity All bones of this extremity showed atrophic changes 
There was marked decrease in the density of the cancellous and cortical bones 
The bones were diminished in thickness and length as compared with the 
corresponding bones of the left extremity All epiphyseal cartilages were 



TABLE 10 

— MhiVSUREMENTS 

OF Bones in 

Case 12 




October, 1920 

Tebru-iry, 1922 



Left Tibia, 

Riglit Tibia, 

Left Tibia, 

Right Tibia, 



Cm 

Cm 

Cm 

Cm 

Lengtli 


32 3 

29 8 

33 3 

29 9 

Diameter 


20 

17 

22 

19 

Dininotcr 

of inedullnrj canal 

10 

10 

10 

09 

Thickness 

of cortc\ 

045 

0 35 

06 

05 

Diameter 

of epiphjscs 



77 

69 




TABLE 11- 

-Measurements 

or Bones 

IN Case 13 




Right libm. 

Left Tibia, 

Right Fibula, Left Fibula, 




Cm 

Cm 

Cm Cm 

Lengtii 



400 

39 0 

34 0 34 0 

Diameter 

oi 

shaft 

25 

20 

15 0 5 

Diameter 

of 

mcdullarj canal 

1 3 

1 4 


Diameter 

of 

epiphyses 

85 

70 


Thickness 

of 

cortex 

06 

03 



present (Fig 12) The fracture was treated by open operation and bone 
transplantation The fracture united in twelve weeks The patient then got 
about on crutches for a period of about six weeks, after which time he walked 
with no support For the last year the patient had been using the extremity, 
with an extension sole for complete weight bearing In February, 1922, the 
entire right lower extremity was smaller and shorter than the left The 
measured shortening amounted to 3 5 inches (8 9 cm ) Roentgenograms of 
the bones of both lower extremities were obtained 

In this patient, therefore, there was a period between the ages of 8 and 
14 years in which there was a marked lack of use of one lower extremity as 
a result of repeated fractures Finally there was a year of continuous use- 
fulness of the extremity Roentgenograms were obtained at the beginning an 
end of this period of usefulness of the extremitv This permitted t ic stu y 
:fthe changes which result from lack of use and also the effect on die hones 
of reestablishment of function Furthermore, the period of observation 
during the latter years of growth of the patient 
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Figure 7 Figure 8 

Fig 7 — Roentgenogram of the bones of the legs in Case 7, a girl, aged 14 
jcars, who had a complete muscle paraljsis of the left leg due to injury of 
the sciatic nerve five years previously Compare the shape and the appearance 
of the epiphyseal cartilages of the tibias The measurements of the bones are 
recorded in the description of Case 7 

Fig 8 — Roentgenogram of the bones of the lower extremities in Case 8, 
a girl, aged 11 jears, who had suffered from a right hemiplegia since birth 
Compare the bones of the tw’O extremities w ith the measurements recorded 
III tlie description of Case S 
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Roentgenograms of the bones of both lower extremities taken m 1 Q ?7 
strat^d the bo„ea of ,„e affocled ex.rem,., to l,e alllef " ; s ^ 

I ''f'ra'ty The left t,l„a had increased m all dimensions 

e right tibia had increased m thickness but not m length All epiphyseal 
cartilages in the bones of the right extremity were absent 
epiphyseal carti ages of the left tibia and fibula were faintly visible Xe 
a marked difference in the appearance of the cancellous bone of the rrght 
t bia from that seen in the left tibia and also from that seen ,n the right m 
roentgenograms studied a year nreviously The trabeculae of the can- 




Figure 9 Figure 10 

Fig 9 — Roentgenogram of the bones of the forearms in Case 9, a boy, aged 
17 jears, with an ischemic contracture of the right forearm and hand The 
disproportion of size of the bones of the right forearm and hand may be noted 
The disproportion in length is greater than has been observed in other cases 
of nonuse The epiphyseal cartilage may have been injured at the time of 
onset of the disease 

Pjg 10 — Roentgenogram of the bones of the legs in Case 10, a child, aged 
6 years, with tuberculosis of the right hip of two years’ duration The entire 
extremity had been fixed m plaster for one year The marked difference in 
the bones of the extremities may be noted Compare the atrophic bones o 
the right leg with the illustrations of bone atrophy resulting from poliomye itis 
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cellous bone in the right tibia were fewer in number than in the corresponding 
areas of the left tibia, the individual trabeculae of the right tibia were thicker 
than in the left tibia and also thicker than in the right tibia of one year ago 
(Fig 13) 

Case 13— Congenital defoi nitty A white boy, aged 15, was born with a 
unilateral left talipes equinovarus of marked degree The patient began to 
walk at the usual age There had been one operative effort made to correct the 
deformity At the time of examination the patient walked without artificial 
support The weight was borne on the distal ends of the lateral metatarsals 
There was a marked limp and disability in gait The muscles of the left thigh 
and calf were much smaller than those of the right 

Roentgenograms of the bones of both legs were studied The bones of the 
right leg appeared normal The bones of the left leg were thinner and shorter 
than normally The cancellous bone was more porous than normally and the 
cortex of the shaft was diminished m thickness The left fibula was strikingly 
thin It was interesting to note, however, that the length of the left fibula 
and the right fibula was the same All epiphyseal cartilages were present 
Those in the bones of the' left leg were more nearly closed than those in the 
bones of the right leg (Fig 14) 

TABLE 12 — Measurements of Bones in Case 14 


L itcr U 

Roentgonograms 
Oct 28 1920 

Anteroposterior Roentgenograms 

/ 

Jan 

19, 1921 

Dec 12, 1921 

A 

Right Lett 

Right 

Lett ' 

Bight Left 

Tibia Tibia 

Tibia, 

Tibia, 

Tibia, Tibid, 

Cm Cm 

Cm 

Cm 

Cm Cm 


Length 

23 4 

23 3 

23 5 

23 4 

24 7 

24 7 

Diameter of shaft 

1 8 

17 

1 7 

1 7 

1 5 

14 

Diameter of mcdullarj canal 

07 

07 

1 0 

10 

1 3 

11 

Diameter of proximal cpiphjsis 

27 

26 

4 1 

4 1 

43 

4 3 

Thickness of cortex 

0 55 

0 5 

0 35 

035 

01 

OlE 


Case 14 — Pohoinychtis A girl, aged 5 years, was first seen in September, 

1920, suffering from an acute attack of anterior poliomyelitis The paralysis 
was complete in all extremities The patient was under observation at the 
time of examination There had been some recovery of motion in both upper 
extremities , but the lower extremities remained in a state of complete^' flaccid 
paralysis The patient had been confined contmuouslj to bed and to a chair 
Roentgenograms of the bones of both legs were made Oct 20, 1920, Jan 19, 

1921, and Dec 12, 1921 

Roentgenograms made Oct 28, 1920, one month after onset of the disease, 
reiealed normal appearing bones In the roentgenograms made Jan 19, 1921, 
three months later, there was a marked change in the appearance of the bones 
of both legs The cancellous bone was much more porous The cortical bone 
of the shaft was much thinner and showed linear striae of decreased density 
There was a slight increase in length of the bones of both legs Measurements 
of the dnmetcrs of the shafts and medullary caiities cannot be accurately com- 
pared because the roentgenograms taken in October, 1920, were lateral aiews 
and those made in Janllar^, 1921, were anteroposterior news 

The roentgenograms made Dec 12, 1921 fourteen months after the onset of 
the disease, were taken under the same conditions as those made Tan 19, 1921 
comparison of these two roentgenograms, therefore demonstrates accurately 
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the progress of the bone changes during a period of eleven months of complete 
lack of use m a growing child The bones of both legs had become exceed- 
ingly thin The trabeculae of the cancellous bone were much fewer and smaller 
The thickness of the cortex had decreased markedly The length of the bones 
had increased The diameter of the shafts had decreased The diameter of 
the medullary canals had increased The width of the epiphyses had increased 
Thus, the contours of the bones had changed (Figs 15, 16 and 17) 

Case 15— A white woman, aged 25, at the age of 4 years had an attack 
of acute anterior poliomyelitis which resulted in a complete paraljsis of all 
the muscles of the left leg and a partial paralysis of the left thigh Since the 
onset of the paralysis, the left lower extremity had not been used for walking 
The patient had always walked with crutches and there had been no attempt 
at any time to make use of the paralyzed extremity either with or without 
artificial support Examination revealed complete paralysis of the leg with 
marked muscle atrophy Tiie adductor group and the psoas muscles of the 
thigh had some power, otherwise the thigh muscles were completely paralyzed 
and atrophied 


TABLE 13 — i\Ii AsuRrMFNT or Bonps in Case IS 
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ously used the leg for walking Roentgenograms of the bones of both lower 
extremities were studied Considering the marked difference m muscles of 
the two legs, there was surprisingly little difference m the appearance of the 
bones of the two legs The right tibia was slightly shorter and thinner The 
cancellous bone was only slightly more porous The diameter of the shaft was 
slightly decreased (Fig 19) 



Figure 11 Figure 12 

Fig 11 — Roentgenogram of the bones of the legs in Case 11, a girl, aged 
12 years, who did not use the right leg for a period of about eight months at 
the age of 6 years owing to acute osteomyelitis of the distal end of the femur 
The recoiery from the disabilitj was complete The unmistakable evidences 
of lack of use during the growing period are seen m the abnormal shape and 
si/e of the bones of the right leg 

Fig 12 —Roentgenogram of the bones of the legs in Case 12, a boi, aged 
14 ^cars who had sustained repeated fractures of the right femur These 
roentgenograms were made two months after the last fracture, at which time 
there was lack of union of the fragments due to malposition The bones of 
the right leg show marked atrophic changes and growth disturbance A,ll 
cpipluseal cartilages are distinct, but the\ are thicker m the bones of the 
left leg Compare with Figure 13 
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in RELATION BETWEEN CHANGES IN BONE AS A RESULT OF 
LACK or USE AND THE CAUSE OE THE NONUSE 

From the study of the changes in bones which followed lack of 
use fiom various causes in both children and adults, there was no 
evidence that the cause of the lack of use affected these changes in any 
mannei The same atrophic changes in bone were observed when the 
lack of use was due to anterior poliomyelitis, spastic paralysis, periph- 
eral neive injury, Friedreich’s ataxia, pseudomuscular atrophy, syringo- 



Figure 13 Figure 14 

Fig 13 — Roentgenogram of the bones of the legs in Case 12, after healing 
of the fracture of the femur and continuous use of the extremity for a period 
of about one year The increase m thickness of the cortex of the shaft of 
the right tibia and the increased strength of the struts of the cancellous bone 
may be noted The epiphyseal cartilages are absent m the bones of the right 
leg Compare with the measurements recorded in the description of Case 12 

Fig 14 — Roentgenogram of the bones of the legs m Case 13, a bov, aged 
15 years, with a left congenital clubfoot The bones of the left leg show the 
effects of incomplete function during the growing period The fibula shows 
more change than the tibia on account of the position of the foot 
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myelia, chronic arthritis, tuberculosis of bone, pyogenic osteomyelitis, 
contracture, fracture, congenital deformities and astasia abasia The 
character of the changes was the same m all instances The amount 
of the changes varied directly with the extent of the lack of use 
There was absolutely no evidence that bone atrophy was ever the 
result of specific nerve influence on bone, and it is, therefore, unwar- 
ranted to assume that bone atrophy is ever a neurotrophic phenomenon 
To emphasize this important point. Figures 7, 10, 12 and 17 show the 
changes m the tibias of children affected by anterior poliomyelitis, 
peripheral nerve injury, tubeiculosis of the hip and fracture of the 



Fig 15 — Roentgenogram of the bones of the legs in Case 14 one month 
after the onset of an attack of acute poliomyelitis The bones of both legs 
appear normal 

femui, and Figures 1, 2, 3, 5 and 6 show the changes in the bones of 
adults which followed peripheral nerve injury, spastic paralysis, sjringo- 
myelia, fracture and infectious disease 

IV CHARACTER OF CHANGES IN ADULTS 

The initial atrophic changes in bone due to nonuse of an e\tremit\ 
are the same regardless of the age of the incln iduals The ultimate 
result of the changes in the bones of an extremity which is not used 
IS difterent in the person who has reached his complete growth from 
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that in the person who is in his growing period at the time of onset 
of nonuse In the former instance, the process of bone atrophy is 
operating alone In the latter, the process of bone atrophy is associLd 

with the process of growth which is inhibited but not arrested by 
nonuse ^ 

The changes in bone which result from lack of use during adult 
life are such that the general shape and contour of the bone as a 



Fig 16 — Roentgenogram of the bones of the legs m Case 14, made three 
months after those shown in Figure 15 The amount of atrophic change which 
has taken place may be noted 

whole are only slightly modified The diameter of the shaft may be 
very slightly decreased The length is not changed The medullary 
canal is increased m diameter, producing a corresponding diminution 
m the thickness of the cortex, which after a long period of nonuse is 
reduced to a thin bone shell The cancellous bone becomes much 
more porous, with fewer and thinner trabeculae After a long period 
of nonuse, the compact bone of the shaft becomes porous This 
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in length and thickness, tlie dctiease in thitkness is moic nolRcablc 
than th.it in Icngtli Furtheimorc, tiic diminution m thickness is nioic 
m.irkcd in tlie sliaft tlian in the epiphysis, prodnting an eficct of sudden 
enlargement ,it the epiplnsc.il regions The thickness of the coitcx 
relatis'c to the diameter of the hone shows a ch.ingc which is small 
compared with that seen m hone .vtiophy ocemnng during .idnlt life 
Comparative measurements of the thicknesses of the entne hones and 
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the diameters of the medullaiy canals show that the medullary canal 
of the nonused bone is always larger compared with the thickness 
of the same bone, although it may be actually smaller than the medullary 
canal of the coiiesponding bone of the used extremity There may 
also be a difference in the shape of the cross section of the bones, 
comparing used with nonused, for example, the cross section of a 
normal used tibia is triangular in outline while the cross section of a 
tibia which has not been used dunng the growing period more nearly 
approaches a circle 

The various stages of the combined effect on bones of nonuse and 
growth are shown in Figures 17 and 18 

vr crrccr or ncnush on growth or bone 

The effect of lack of use on the process of growth of bones deserves 
special comment That growth in length and thickness of bones takes 
place in complete absence of any use whatever is generally known 
It IS also well recognized that lack of use of one extremity during 
the period of growth will result ultimately in a short extremity Two 
causes of this phenomenon are possible The bones may grow at a 
decreased rate, or growth may stop earlier in the nonused extremity 
The distinction and relative importance of these two factors have not 
been appreciated 

From the study of the cases of nonuse during the penod of growth, 
it IS clear that lack of use of an extremity results both m inhibition of 
growth and in an abnormally early cessation of growth in bones 

For example, in a case of anterior poliomyelitis m which there was 
complete lack of use in one extremity fiom four to nine years, there 
was a difference of 1 5 cm in the lengths of the tibias In another 
case of poliomyelitis in which there was a complete unilateral lack 
of use from four to twenty-five years, there was a difference in the 
lengths of the tibias of 3 4 cm In a case of fracture of the femur 
in which the disability extended from eight to fourteen years, the tibias 
measured 29 8 and 32 3 cm , a difference of 2 5 cm At this time the 
epiphyseal caitilages were present in both tibias The same patient was 
studied again at the age of 15, at which time the epiphyseal caiti'age 
was absent in the atrophied tibia and present in the used tibia The 
tibias at this time measured 29 9 cm and 33 3 cm , a difference of 
3 4 cm, the increase in difference during the ages of 14 and 15 being 
due almost entirely to a cessation of growth m the tibia of the non- 
used extremity and a continuation of growth in the tibia of the use 

extremity , 

The effect of the lack of use during the penod of growth on i 

contour of bones was typically shown in Case 14, in which the bones 
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loimd sli.ift with relatively large fl.irmg epiphyses (Figs 14, IS, 16, 
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V]i i:iri:ci or nonusp on rtgimkaiion oi itONr 

The effect of bone atrophy on regeneiation of bone has been pre- 
viously studied experimentally by us It was found that bone atrophy 
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did not aftect the process of bone regeneration The proof of this 
conclusion has been confirmed by this clinical study In Case 12, in 
which there was repeated fracture of the femur associated with extreme 
bone atrophy, each fracture united promptly when apposition of frag- 
ments was secured In another case of extreme bone atrophy due 
to twelve years’ lack of use of one lower extremity because of tabes 
dorsalis and a Charcot s hip joint, a fracture of the femur produced 
a large callus in four weeks 


VIII RECOVERY FROM BONE ATROPHY 

An appreciation of the marked changes in the bones of an extremity 
which result from the lack of use of this extremity naturally leads 
to a consideration of the character and quantity of changes which 
ma}^ follow a reestablishment of function m the extremity For the 
study of the process of recovery from bone atroph}', two groups of 
cases have been used One group consisted of cases in which the 
history made it practically certain that the bones had previously been 
in a maiked state of atrophy from nonuse In these cases the bones 
were studied in comparison with a previous state presumed to have 
existed from our experience m other cases In a second group of 
cases the bones were studied during the actual period of reestablish- 
ment of use A period of two years is relatively short for a study 
of the second group of cases 

In Case 16 there was an attack of acute poliomyelitis at the age 
of 1 yeai, which resulted m a complete permanent paralysis of all 
the muscles of the leg The patient, however, learned to walk during 
childhood and continued to use the extremity until she was observed 
at the age of 28 years There was certainly a period after the onset 
of the paralysis in which the bones of the paralyzed leg were maikedly 
atrophic The end-iesults of establishment of use of the extremity, 
however, was that there were only slight diffeiences in si/e and contour 


of the tibia 

In Case 11 there was lack of use of one lower extremity for a 
period of about eight months at the age of 6 years and a subsequent 
apparent, complete restoration of function The patient was studied 
at the age of 12 years At this time there was a difference m the 
size and contour of the tibia The disease process was a “mild” osteo- 


myelitis of the distal end of the femur 

In Case 12 the effect of one year’s continuous use of an extremity 
in which the bones were atrophic from lack of use were studie m 
a boy between 14 and 15 years of age During this period there was 
a marked increase in the thickness of the cortex of the shaft lie 
diameter of the shaft increased and the diameter of tie me u a 
canal decreased The thickness of the indnidual trabeculae o 
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I'lg 19 — Kointneiiour'iiii of the hones of tlie le^s in C ise 16 i wonnn 
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polionnelitis it the ifje of 1 icir The patient learned to use the c\lreiniti 
for walking, ind it his hcen used continuousU m spite of exteiisne paraUsis 
The hones of the right leg show itrophic changes, hut these changes are much 
less marked than those found in Case 1“), m which there w is an equal .imoimt 
of muscle paraljsis hut complete lick of use 

joint was excised and the patient was kept in a cast for a period of 
SIX months Roentgen-iay examination revealed a ftiilher pi ogress 
of the bone atrophy The cast was removed and the patient began to 
use the extremity Roentgen-ray examinations were then made at 
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inlervals for a per.od of hvo years Dunng the last year the patient 
was tvalhing on the leg with no other inconvenience than a stiff knee 
After the leestabhshment of a useful extremity there was a continuous 
change in the bones Tlie thickness of the cortex of the shafts of the 
bones increased to a marked degree The trabeculae of the cancellous 
bone increased in thickness There was, however, no evidence of the 
formation of new bone trabeculae (Fig 21) The thickness of the 



Fig 20 — Roentgenogram of the knee of a woman, aged 30, showing marked 
atrophic changes associated with tuberculosis of the knee joint Compare the 
thickness of the cortex of the femur and the appearance of the cancellous bone 
with that shown m Figure 21 

cortex of the shafts of the bones still remained much less than in the 
corresponding bones of the extremity which had been continuously 
used since birth 

From the study of these and other cases, therefore, certain con- 
clusions may be drawn as to the recovery from bone atrophy If the 
lack of use is during the period of growth, there will be permanent 
changes m the size and shape of the affected bones The reestablish- 
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tiomi'-o It IS oh\iotis tli.it to Uiinu this dioiit it would Ik tiuiss.itj 
loi .1 nil oi uiowth ilio\t iioniiil t»* t iKi pl.Ki If tin l.uU of use 
is dill mu tin. .idiih pi nod tin sh >jh ami si?t of tin hiciiis m mn 
niitiinlK ilimuid .md tin n i st dilishnu nt ol iisi nsnlls m onl\ .in 
nun isi m lln tlm Ions', oi ilu isistmu I’liis oj ilu lioiu It is ptilu- 



Ftg 21 — Rocnlui.iiot'r ini of the s.uik knee shown m I'lgure 20, two \cirs 
liter, tiuriiiK which tune the Knee joint w is resected mil use of the cMreiniti 
hid been reestablished llie luirkcd incieise in thickness of the corte\ of the 
femur .iiid the mere ise in densitj of the tnbcculac of the cancellous bone in ij 
be noted 


ularly interesting that lack of use lesults in a complete disappcaiance 
of part of the trabeculae of the cancellous bone On reestablishment 
of use, these tiabeculae are not reformed, but the existing tiabeculae 
increase in thickness to a degree gi eater than normal This lesults 
in the cancellous bone becoming a coaiser netwmik of struts of greater 
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thickness It is, therefore, often possible from examination of roent- 
genograms of bones to detect unmistakable evidence of previous periods 
of lack of use and to predict with some degree of accuracy the period 
m the patient’s life during which the extremity was not used This 
statement is particularly applicable to instances in which the lack of 
use was unilateral 

The changes in bones resulting from lack of use and the recovery 
from the changes aftei the reestablishment of use have in all instances 
already referred to occurred as a result of diseases of the extremities 
In a single instance m which a white woman, aged 48. was confined 
to bed for a period of one yeai incidental to repeated operations for 
mtra-abdominal disease, it was found that all the bones of the extremi- 
ties show'ed marked atiophy The fact that bone atrophy occurs as 
a result of confinement in bed is a matter of considerable clinical 
interest, particularly as it concerns children The material which has 
been studied has not been sufficient to permit drawing definite con- 
clusions, except to state that long confinement results in atrophic 
changes in the bones 

IX SUMMARY 

It may be stated that these observations are evidence for the truth 
of a general theory of bone atrophy Bone atrophy and recovery from 
bone atrophy are manifestations of the function of bone cells to produce 
bone matrix, which is in whole or in part distinct from the function of 
the bone cells to regenerate themselves Bone atrophy and recovery 
from bone atrophy are processes wdiich are not necessarily associated 
with cell death or cell prohfeiation Regeneration is a process which 
IS directly the result of cell multiplication 



lAl’i RIM! M \L <>! IIIL 111 \II\(, 

or I R \l 1 1 Ki S " 

n o\ \ui> w n s, M n 

V \N j i> \'>t I' n) 

1 Ills si»(l\ w is niidu l.iKi II l<» tU 11 U]> SI \ii il ohsaiic points m llic 
process uf 111 iliii}^ oi iiuiiins hnt eiiittU In isnrt.nii tilt ts.ut mk 
.issiinictl 1)\ tin ptiiositiini iliiti stt>. uf t\])tiiiii(.iils \scit pciloiiiictl 
till t.its ninl III ill tin liunuiiis w.is fi utiiud 

In tin. Iiisi s(ius tlu linnunis w.is ii iiluud liv tliitel iMtrii.il 
\iokmc, .ipplitd lilti ill\ 1 used nn llninih is i fn'trnni .nul, in i ist, 
tliclioiK \\ IS tun toniih to he ItKiUen thus. I hiokc it ovet the cdi^c of the 
t ihk In tilt sudiid stilt' 1 midt a latti il nitisioii tliss(tttd the 
tissius down to lilt iHiiostcnin dnitlttl tin ptiiositnni cirailarK, tr.it- 
tuitd tlu hoiu with a (iiudi s iw ,ii I iston hone foittps and sutured 
lilt wouiitl lilt thud strits w is suuil u id ihi saond cMtpl til it the 

jitnostenni is smiph sht lonijiluihn ilh to f^nt atctss tn the hone 

Coni])lelt iiiitosi>, viiidtr ethtr w is tiiiploNtd nid in the o|)eii opei.i- 
linns due attention was };i\en to istpsis 1 ht tits were Killetl at 
intenals Cats Id ind 17 with thloiofoini the itsi wi'h illunii- 
natni!,’' fjas 

1 he frutuitd hone, with its periosteuni. w.is itniottd shorllt after 
death, iiid was iKed in iroiii d to 10 per tent luiuoi foini.ildcludi, and 
W.IS dtt.ileified in .i s per tent sohition of mint itid In the t.ise of 

three c.its {C.its 10, 11 and 12), the hones were pl.ieed nnniedi.iteh in 

mine .lenl solution h\ luisl lUc without’]>re\ious fiNatiou Ml hut these 
three were loenttteiiof^r.iplietl hefoie dee.ileific.ition Ikitli specimen 
W.IS dnided loiifriiudiii.ilh , w.is nni up lliroue;li the .iltoliols .md ether, 
and was niouiited in telloidin ‘settioiis were eiit and stained with 
hem.itoNthn .iiid eosni ind with the Unn.i .ind tan Gieson stains 

I’Korrcoi or imtki mints 

UKST SIKHS SIMI'Il IKAlTtKI Il\ IlIKI CT \ lOI I NCI 

Enitkimint 1 — C It 1, ,1 ] irpc sired ndult niiinnl was killecl w itli illtimi- 
nating Ras four dos after tlit fncltirt Marked ccciuniosis was retcaltd wlieii 
the cat was skinned Tlierc was marked displacement of tlic fragments willi 
oterriding The hone was rcinottd together with tlie siirrouiuhng tissues and 
was sectioned longitudinally One half the speennen was decalcified, embedded 
cut and stained 

The stained slide show'cd no oicrridmg Init slight lateral displacement 
The bones were situated end to end The marrow' canal of one was open but the 
knife had caught the other hone ohhqueU so that its cortex shut off its canal on 


*From the laboratorj of surgical pathology Stanfoid Unnersity 
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the slide In the tissues about the ends of both bones was much fibrin, and a 
mass of fibrin in which were one or two bone spicules separated the two The 
sutrounding tissues showed cellular infiitiation 

Fiagmcnt imlh the Open Cam} — The lymphoid marrow appeared as a band 
on each side of the canal, plugging up the end, with the fatty marrow in the 
center A layer of fibrin also lay partly across the end of the canal The peri- 
osteum showed two distinct layers of about equal thickness, an inner, or cellular, 
and an outer, or fibrous layer It ended a short distance from the fractured 
extremity, leaving the cortex bare The outside of the cortex on one side 
was irregular and notched, and showed an irregularity of staining reaction, as 
if It were alread\ being attacked, and it looked as if the formation of Howship’s 
lacunae were beginning, but no giant cell osteoclasts were m evidence This 
observation, if correctly made, would indicate that the so-called osteoclasts were 
not the cause of the osteoclasis, but the result 

Fiagmcnt rcif/i tin Closed End — ^Tliis contained l 3 Tnphoid marrow The cor- 
tex was co^ercd with periosteum in two distinct lajers, the inner increasing 
markcdl 3 ’’ in thickness toward the end of the bone The marrow canal con- 
tained man^ bone trabeculae 

Sunt maty — The ends of the fragments w'cre buried m fibrin There was an 
aggregation of hmphoid marrow' at the circumference of the marrow canal of 
one fragment The periosteum lay in tw'O distinct layers 

ExpiniMiNT 2 — Cat 2, a full grow'ii cat, w’as killed with illuminating gas, 
eight days after the fracture There was no sign of cpiplij'seal cartilage in 
tile head of the humerus Less ecchvmosis was present than in the first cat, 
and that onlj' about the elbow and fore leg There was much overruling of 
the fragments The bone ivas removed with the surrounding tissue 

Tw'o sets of slides w'ere made Each set show’ed one bone cut longitudinally, 
with its marrow canal open on the end, and the other cut diagonally, with its 
marrow' canal closed by bone EMdentlv, each fragment was cut fairly m 
one set of slides One of the fragments show'ed splintering The tw'O frag- 
ments overlapped Remains of hemorrhage w’ere present at then ends The 
ends W’ere surrounded bj' granulation tissue, and this granulation tissue lan 
for a very short distance into the marrow canal as if to plug it up The tips 
of the cortex showed well marked so-called raiefying osteitis 

The behavior of the periosteum was peculiar At some distance from the 
fracture, it left the bone, the space between the two gradually widening, and 
show'ing distinct evidence of new bone trabeculae The periosteum of one of 
the fragments wias notable because of the presence in it, or in its immediate 
vicinity, of well marked hemoirhage This line of hemorrhage made the course 
of the periosteum more distinct It was not diffuse, but followed the periosteum 
closely At a short distance from the broken end the fibers of the peri- 
osteum diverged from one another, and, just before the end of the bone was 
reached, they were lost m the granulation tissue No bone trabeculae appeare 
within the cortex 

The foregoing holds good foi one fragment— the clean cut one The splin- 
tered fragment showed a rather different picture The periosteum was not so 
easily recognized, and no bone trabeculae appeared under it, except at some 
distance fiom the end New bone trabeculae were abundant on the inside o 


„,„g bon. fomafon on the on.s.d. of th. oont.v of on. fr.pn.nt and on tb. 
inside of the cortex of the other 
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liXPCRijiENT 3-— Cat 3 was killed with illuminating gas, thirteen days after 
the fracture Theie was no ecchymosis Thickening was present about the 
seat of fiacture, but apparently there was less overriding than in Cats 1 and 2 
There was free motion The bone was removed with the surrounding tissue 
and sectioned longitudinally ' 

One of the bones had been caught by the knife in such a way that it 
appeared as a small point of bone slightly overlapping the irregular fractured 
end of the other fragment The two fragments were bound together by a 
mass of fibrous tissue and caitilage, and in this fibrous and cartilaginous 
tissue, the formation of bone trabeculae was well advanced Small spicules 
of lione, evidentlv fractured at the time of operation, could be seen here and 
there The new trabeculae were especially abundant on the outside of the 
corte\, immediatelj bencatii tiie periosteum They capped the pointed fragment, 



Fig 3 —A, fractured humerus of Cat 2 , B, stained slide cut from fractured 
humerus of Cat 2 

and, on the other fragment, they were especially numerous on the far side 
of the cortex In the latter fragment the formation of internal callus was 
beginning, not on the inner aspect of the cortex but m the marrow canal itself 
One small fractured spicule of bone showed the formation of new trabeculae 
on its borders 

Snimnoy— The fragments were bound together by fibrous and fibrocar- 
tilaginous tissue, in which new bone was fonning New trabeculae were espe- 
cially numerous on the outside of the cortex There was some new bone or- 
mation within the canal of one fragment— so-called internal callus 

Experiment 4— Cat 4 was killed with illuminating gas, sixteen da 3 js after 
fracture There were slight remains of ecchymosis, thickening about the sea 
of fracture and marked overriding The bone was removed with the sunoun - 
ing tissue, and sectioned longitudinally 
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Examination of Stained Slidi — The knife had caught one fragment fairly, 
but the other fragment evidently was split The two fragments had overriden 
about 1 5 cm Dense bone almost shut off the marrow canal of the fragment 
caught fairly This was evidently due to diagonal sectioning, because it was 
not new bone At the end of each fragment was a mass of fibrous tissue con- 
taining rifts Almost capping one fragment and extending well over on its far 
cortex was a large mass of cartilage A much smaller area appeared on its 
near cortex, about a centimeter from its fractured end, and a still smaller piece 
on the outside of the far cortex of the other fragment, about 05 cm from its 
fractured end Cartilage and fibrous tissue thus united the two fragments 
fairly firmly 



humerus of Cat 5 

New bone onVmt.' mJe! oTcarbl^e W 

bo,;. .rab=c„lae weee also fonn.n. on .he 

n,s,de of the cortex-m.ernal callus 

Simmai y—Yhe fractured There were indications of internal 

in which new bone trabeculae were onn „ internal callus appar- 

callus m the marrow canals of both fragments, but this 

entlv played no effective part in the union 

w- c ref- If was killed with illuminating gas, nvei ly y 

Experiment 5— Cat 5 was Kiueu fracture with a 

fracture There was considerable thickening at the seat 

little motion „ freo-ments overlapping about 

Examination of tJie Stained TjT^^TloZd together 

6 or 8 mm and separated by an intenal of abou 
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Fig 7 — /, frnUirid luinnrus of Lit 6, />, st innd sink ml from frnUired 
humerus of Cat 6 


being built up in this fibrous tissue and cartilage Internal callus was present 
in each marrow canal, but seemed to jd n no essentia! pari m the pioccss of 
healing 

E\iaiuMi\n 6— Cat 6, a small, apparenth \omig cat, was killed with illu- 
minating gas, twentj-four da\s after fractinc The fragments showed marked 
overriding, and had no stahihtj 

ii'ajniiiahoii of ilic Stowed Shefe— Ihc fragments o\eirodc about 1 cm 
The end of one fragment was open, the end of the other was closed off bj 
bone, evidently the bone of the old cortex caught bv the knife at an oblique 
angle Between the two fragments lay a mass of cartilage, fibrocartilagc and 
fibrous tissue Fibrous tissue laj o'cr the open end of one fragment, a cap of 
cartilage over the closed end of the other In these two situations, new bone 
formation was beginning It W'as also beginning in the cartilage in the angle 
where the periosteum left the cortex of one fragment to pass across to that 



534 


ARCHIVES OF SURGERY 


of the other, and externally on the cortex on the far side of one fragment 
No indication of internal callus was present A small fragment of bone lay 
at a short distance from the end of the closed fragment It was probably 
part of a splinter Ou u new bone tvas being f aimed A large cleft or senes 
of clefts ran from the end of one fragment, part way over to the other frag- 
ment in the fibrous tissue between the two bones 

^in/immv-The bones ^vere united by fibrous tissue containing masses of 

immediate vicinity of the cortices The marked 
instability, together with the presence of the rifts in the fibrous tissue, indicated 
that perhaps a false joint was in process of formation 

ExPERiMrNT 7— Cat 7. a small, probably young animal, was killed with 
Illuminating gas, twenty -eight days after the fracture There were marked 
overriding of the fragments and free motion 



Fig 8 — A, fractured humerus of Cat 7, B, stained slide cut from fractured 
humerus of Cat 7 

Eiaimnation of the Stained Slide — The overlapping fragments yvere bound 
together by a dense mass of fibrous tissue and fibrocartilage yvhich extended 
yvell over the end of each fragment Hyaline cartilage yvas also present in this 
mass, especially near the cortex The end of one fragment yvas comminuted 
In this hyaline cartilage, close to the cortex, bone formation had begun, not 
only on the tyvo cortices facing each other, but also to a lesser extent on the 
cortex on the far side A feyv neyv trabeculae yvere visible in the marroyv here 
also apparently being formed from cartilage and fibrocartilage the so-called 
internal callus The neyv bone on the outside of the far cortex yvas forming 
under the fibrous periosteum in a sort of spindle shaped callus 

Summai y —There yvas cartilaginous callus, yvith bone formation beginning 
close to the cortex 
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Em’Irimint 8— C.i( vS i \u\ laj^c fnll j^rown cat. Killed with illiimi- 
intmg gas, lliirt\-rn(. di\s after fi lelnre Consider.ibk oeernding of tlie frag- 
ments was pieseiit, and a little motion Lnion seemed to he well adeanecd 
Rxomvtaltoit of llu Sl<nn,d S'Mt — T lie oeernding of the frigmciits 
amounted to about 1 a cm 1 lie marrow cuiil of one fragment was open, tint 
of the other was closed off In bone, but wlietliei tins was new lione or the old 
eorte\ cut obluiueh it is imjiossible to st\ \ miss of cartilage la\ between 
the two oeernding fiagiiieiits, and oecr the end of tlicin ibis cartilage eeas 
being ossified from each cortes The ossification bad (iroeeedcd to such an 
c\tcnt that fairle eeell fonned nniroee lae among the new traliecnlae' Consider- 
able internal callus was seen m the open ended fragment eebicb apjie.ircd to 



Fig 9~/i, fractured humerus of Cat 8 B stained slide cut from fractured 
humerus of Cat 8 

have no connection with the external callus No evidence appeared of any 
effort at remodeling the fragments, except m the closed off end of one, where 
new blood vessels apparently were pushing into the bone, and causing an absorp- 
tion, but without any evidence of so-called rarefjing osteitis 

The periosteum had suffered m the cutting, but it could be fairly well traced 
from the far side of the cortex of one fragment, covering the new bone in 
that situation, and then across the new cartilage and bone formation almost 
to the other fragment The periosteum on the far side of the other cortex 
was practically without reaction and ended shortly after leaving the bone, from 
which it had been stripped for about a centimeter This was probably due to 
+he cutting of the block 
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Summa,y-Yh<, fragments were fairly firmly welded together by a cartila.i- 
ous callus m which bone formation was well advanced The penosteum did 
not appear to play any active part in the union 


E\plriment 9 -Cat 9, a large, full grown animal 
nating gas, forty-two davs after the fracture There 
seat of the fracture, and apparently firm bony union 


, was killed with illumi- 
was thickening about the 


E\amtualtou of Simucd Slide— Tha two fragments, overriding about 1 cm 
were closed off at their ends bv old bone This closure was evidently due to’ 
le obliquity of the cutting knife They were united by a mass of cartilage 
in which new bone formation was fairly well advanced and over which peri- 
osteum stretched Bone forma'ion was especially noticeable close to the cortex 



Fig 10 — 4, fractured humerus of Cat 9, B stained slide cut from fractured 
humerus of Cat 9 

in the angle where the stnpped-up periosteum left it to pass over to the other 
bone, but the penosteum itself was apparently not taking any active part m 
the bone formation The mass of ossifying cartilage extended over the tips of 
the fragments No evidence of any internal callus was seen 

Summaiy — The overriding fragments were firmly welded by a mass of car- 
tilage well advanced in ossification The periosteum did not seem to be taking 
any part m the process 

Experiment 10 — Cat 10, an adult animal, was killed with illuminating gas, 
forty-nine days after fracture Marked lateral displacement was piesent, and 
more than a centimeter of overriding One sharp fragment seemed to have 
punctured the periosteum The fragments moied a little on each other 

Note Instead of being put in liquor formaldehydi, the specimen was put m 
5 per cent nitric acid immediatelj', by mistake and remained in it for our 

weeks 
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rxamiiintioii of Staiihii S//f/i— Ihc fi tfinitnts o\trro(!t to the extent of 
nboul 1 S cni 1 lie end of eacli wae clo'ied oft 1)\ dense fibions tissue, under- 
neath which was a ntlier thin Iner of newlv funned lioiie In the fibrous tis- 
sue weic rifts In llie ceiitril iiiiriow canal of one bone and on the inner 
aspect of the cortex of the other, new tiabectilie weic present — an indication 
of internal callus 

The two fiaKiiieiits wcu bound together In a dense tissue, part of which 
was hbroiis iiid the lest looUed like ciitil.ifte iiiidci low jiowcr iii leiiification, 
but contained nocaitil.iee cells that loiild be distiiimiished New bone tiabeculie 
were beinp: loinicd in this tissue it its junction with tin cortex 



Fig 11 — 4 fractured hunienis of Cat 10, subsequent to decalcificatioii , B 
stained slide cut from fractured hunicrus of Cat 10 

Summaty — There w'as fibrous and cartilaginous callus in w'hich bone forma- 
tion was advancing The state of the specimen precluded arming at finer details 
Expckimcnt 11 — Cat 11, a small animal but apparently an adult, w'as 
killed with illuminating gas, fifty-seven dajs after the fracture There w'as 
marked deformitj at the seat of the fracture but apparently solid bony union 
Note Instead of being put into liquor formaldehjdi, the specimen was put 
into S per cent nitric acid by mistake and lemamcd m it for three weeks 
Erammatton of Stamed Slide — The ends of both fragments were pointed, 
bone shutting off their marrow canals, but this was probable an artefact, caused 
by the angle of the microtome knife Thej were welded together by a fusiform 
mass of cartilage well advanced in ossification The fragments themselves w’ere 
separated by an interval of about OS cm Over the fusiform mass the pen- 





ARCHIVES OF SURGERY 

osteum stretched The new bone was especially abundant in the nnniediate 
vicinity of the cortex, and ossification ivas also well advanced in the anele 
where the periosteum left the bone at a short distance from its end, but the 
periosteum itself did not appear to be taking any active part in the new bone 
formation In the cartilage, blood vessels could be seen, giving a picture 
analogous to that seen in an epiphysis when ossification is taking place The 
mass of bone and cartilage lay between the bones, as well as about their ends 
There was no indication of any internal callus 

Snimnaiy —Firm union had been accomplished bv ossification of cartilaginous 
callus In this union the periosteum appeared to be taking no active part 

ExPLKUtrNT 12— Cat 12, a very- large animal, was killed with illuminating 
gas, sixty-threc days after the fracture Considerable deformity was present 
at the seat of fracture, with solid union 



Fig 12— /d, fractured humerus of Cat 11, subsequent to decalcification , 
B, stained slide cut from fractured humerus of Cat 11 

Note Like the two preceding, this specimen also was put into 5 per cent 
nitric acid immediately, by mistake, and remained m it for thiee weeks 

Examination of Sta ned Slide-— The two fragments overlapped for about 
2 cm The end of one had been caught obliquely by the microtome knife so 
that the cortex appeared to close the end of the central marrow canal The 
marrow canal of the other fragment had been closed off by new bone 

The ends of the fragments, not in close apposition, were united by new 
bone and by partly ossified cartilage, and the cortex of each fragment con- 
tiguous to this uniting tissue was opening up, that is, was being converte 
into spongy bone, so that evidently the marrow canals of the two fragmen s 
already communicated through the bone meshwork No evidences of so-ca e 
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rarefying osteitis were present, however In the immediate vicinity of this 
part of the cortex, the marrow canal of one fragment showed the new bone 
trabeculae of the internal callus, but not the marrow canal of the other All 
about the dosed end of the other fragment, bone trabeculae were forming in 
fibrous tissue 

Ainiimaiy— New bone from cartilage and fibrous tissue united the frag- 
ments latcrallj, There was rearrangement of the bony architecture The role 
of internal callus was insignificant The role of the periosteum was hard to 
distinguish 

Expeuimukt 13 Cat 13, a large animal, was killed with illuminating gas, 
sevtnt 3 '--one days after the fiacture Marked thickening was present at the 
site of fracture, with overruling and firm bony nnion 



Fig 15— -N, fractured humerus of Cat 14. 5, stained slide cut from fractured 
humerus of Cat 14 

ExannnaUon of Slowed Slide —The. fragments overrode for about 0 5 cm 
and were separated laterally about the same amount They were united lat- 
erally by a mass of newly formed bone, some of which was not yet completely 
ossified No cartilage could be detected in this bone The new bone covered 
the end of each fragment like a cap, and apparently its blood vessels com- 
municated with those m the marrow canals in the fragments 

Smnmaiy—Hew bone united the overlapping fragments laterally 
Experiment 14— Cat 14, a rather small animal, was killed with illummat 
mg gas, seventy-seven days after the fractuie There was overriding o ^ e 
bone ends, with firm union 
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Biaiiniialioii of Stotiud ^Itdi ~lhc two fnKmcnts, for -iboiil a 

centimeter, Ind been firinl\ united b\ n nnss of lione dt\ cloned from c.irtilagc, 
laid down between their oxcrlappmg cortice*- 1 be bone de\elopment was not 
^et completed, because a i irgc amount of c.utilige was still mixed iij) with the 
bone tissue, and icarrangemeiit of the bone tralieculae was still iirogressmg 
Owing to the fact tint one fragment had been caught oblKiiicU bj the microtome 
lanfe, its architecture could not be well made out, but stnd\ of the end of 
the other fragment demonstrated that the end of the cortex facing the first 
fragment had been torn down, and that spoiig% and irregiilai bone had reiilaced 
It, showing that its piesence w is no longer neccssiis Ihc cortex on the far 
side near its end had siilTeied sligh h and in one limited area w is being replaced 



Fig 16— A, fractured humerus of Cat IS, B, stained slide cut from fractured 
humerus of Cat 15 

by spongy bone In this exact place new bone had been built up beneath the 
periosteum on the outside of the cortex 

Sioiwio; V — The overlapping ends of the fragments w'ere united firmlj by 
new bone, chiefly developed from cartilage The architecture of the cortex was 
being rearranged 

SECOND SERIES 

With Cat 15 begins a new series of operations An incision was 
made on the lateral aspect of the fore leg and the dissection was 
carried to the periosteum This was divided circularly, and the bone 
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was fractured either mtll a Gigh saw or Liston bone forceps The 
wound was then sutured, and a sterile dressing was applied Infection 
occurred only once in the senes 

Emm Run NT 15— Cat 15, a large, full grown animal, was killed with illumi- 
nating gMs sixty-fivc days after the fracture An incision had been made doun 
o the bone, also an attempt, „ot ^ery successful, had been made to divide 
the periosteum The bone had been fractured with Liston bone forceps Deep 
ami superficial sutures iiad been made and collodion applied 

Free motion was present at the seat of fractuie, with overriding There 
t\as no sign of union 



Fig 17 — A fractuied Inimeriis of Cat 16, B, stained slide cut from fractured 
humerus of Cat 16 

Examination of Stained Slide — The specimen had been caught at an unsat- 
isfactory angle by the microtome knife One fragment showed its medullar} 
canal, and in this canal new bone trabeculae could be seen The other fragment 
show'ed the central medullary canal only at its extreme end, and here the new 
bone trabeculae were so abundant that they practicallv shut off the end ® ^ 

canal At the end of one cortex of the latter fragment, a cap of new one 
was being formed out of cartilage Each fragment showed new intracar 
tilaginous bone formation, generally in irregular knobby areas on the ^ 
of each cortex, but there was no bridge of bone and cartilage connecting 
two fragments On the outside of the cortex, the regular strips of 
osteal bone were missing, which were evident in the first senes of ’ 

Irregular fibrous tissue covered the end of each fragment and boun 
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fragncnts together, but, except immetliattlj contiguous to the cortex, no new 
bone or cartilage could be discerned in this fibrous tissue 1 lirough this con- 
necting tissue and running across diagonalU from bone to bone was a large 
cleft, or, better exiircsscd, a series of clefts I he walls of this cleft were 
irregular and m places showed well marked mHoiis appearance, but no definite 
cartilage 

There was formilion of a false joint 'I he hones were united 
b\ fibrous tissue, and in this fibrous tissue was a series of rifts 

Ex rr lit MI XT 16 — Cat 16, a 1 irge adult cat, was killed with chloroform, 
elcicn dajs after the fraeture An incision was made as m Cat 15 Dissection 
was carried down almost to the bone \ii tineiirvsin needle w.is passed about 
the hone, mchiding some muscle tissue and the iieriosteum '\ Cigli s iw passed 
in the track of the aneurism needle diiided the bone and periosteum 



Fig 18 — A, fractured humerus of Cat 17. B, stained slide cut from fractured 
humerus of Cat 17 

The wound became infected, and the cat was killed The old ivoiind was 
opened, reiealmg a large subcutaneous pocket of pus Whether oi not this 
pus pocket communicated with the fracture was not determined The frag- 
ments had oierridden noticeablj The distal end of the proximal fragment was 
down almost level with the condyles The fragments moved freely on one 
another, and showed no sign of union 

The bones were removed, together ivith the surrounding tissues, w'eie washed 
and then put into liquor formaldelii di 

Exaimnahon of Stained Slide ends of the bones overlapped about 
15 cm, and were bound together by a dense hj aline, fibrous tissue which 
appeared to be metamorphosing into cartilage, although no distinct cartilage 
cells could be seen in it The marrow canals of both fragments ivere open 
That of one fragment was closed off bv the hyaline, fibrous tissue, but as 
to the other canal nothing could be said, for everything had been cut by the 
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knife down to the end of the bone In the fibrous tissue, and running almost 
parallel with the bones but slightly obliquely, was a distinct nft, as if a joint 
were being established In the fibrous tissue on the apposed cortices, new 
bone foriration was beginning, but on the cortices on the far side no new 

bone was present nor was there an> evidence of the formation of an interna! 
callus 


—There was probable infection Apparently a false joint was in 
the process of formation 

EvpiRiMrNT 17— Cat 17 was killed with chloroform, fifteen davs after the 
fracture The operation was the same as that performed on Cat 16 except 
that the saw broke during the operation, and the division of the bone was 
completed with Liston bone forceps 

The wound broke down and suppurated, necessitating chloioforming the 
cat after fifteen davs 1 he hones were removed, w ith the surrounding tissue 
Thei had o\crriddcn, and the distal end of the proximal fragment was at about 
the lc\cl of the condvlcs There w’as no sign of union, and ler}' free motion 

Exaiitiitalioii of Siamed Slide — Both fragments had been caught at in angle 
by the microtome knife, so that exact details were hard to determine, but no 
union had taken place, and apparenllv the only effort at it was represented bj 
a small amount of external callus on each cortex of each bone There was an 
open space between the fragments lined by a tissue that had lerj much the 
appearance of sjnovia! membrane 

Sunnitaiv — Suppuration was present, and there was practically no attempt 
at union 


Ext’LRiAfFNT 18 — Cat 18 w'as killed fortj'-five dais after the fracture There 
was circular dnision of (he periosteum as with Cat 16, with division of the 
hone IiA a Gigli saw When tlic cat was killed the fragments were apparently 
firmly united m the presence of much callus 

E laiiiiiiafioit of Stained Slide— The two fragments overlapped about 15 
cm The> were about 1 cm apart laterally, and their marrow' canals were 
closed off bv a very thin layer of new' bone This thin layer of bone was 
evidently being thickened up, for further intracartilagmous bone development 
could be seen going on outside of it One fragment showed a few scattered 
trabeculae m its medullary canal, but neither fragment showed anj internal 
callus in the shape of new bone on the inside of the cortex There was prac- 
tically no bone formation on the far side of the external aspect of either cortex 
The tw'O fragments, about a centimctci apart, were joined by a dense mass of 


new bone and cartilage, that is, by cartilage in which new bone formation was 
well advanced m the vicmitv of the cortices, unossified cartilage separating 
the two strips of newlj' formed bone Dividing this strip of cartilage through 
Its whole extent, and running parallel to the bone, was an irregular but w'ell 
defined sht or nft This nft, bounded as it was by cartilage backed up by 
bone, and with its extreme ends closed off, gave an appearance striking!) 
anslofifous to thst of a. rcjjular loint 

Sii nnn a >y— There was formation of a new joint by means of a nft m the 
cartilaginous callus joining the fractured bones laterally 

Experiment 19 —Cat 19 was killed sixty-three days after the fracture The 
same operation was performed as on Cat 16-circular division of the peri- 
osteum and bone with the Gigh saw When the cat was killed, firm bo.i) union 
with marked overriding was apparentl} present 



Fig 19 — 'J, fractured Ininierus of Cat 18, R, stiintd slide cut from fractured 
humerus of Cat 18 



Fig 2Q~A, fractured humerus of Cat 19. B, stained slide cut from fractured 
humerus of Cat 19 
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f. 5'/,rf.-The ends of the bones had not overndden 
at all, but there was some lateral displacement at the seat of fracture The 
ends of the bones had been caught obliquely by the microtome knife, so that 
uas impossible to say whether or not their marrow canals were stil! open 
They were firmly united by a mass of new bone which had been formed from 

r.t r' I continuous 

1 J ' neighborhood of the end of each fragment, as 

well as with the very end of each fragment itself 

fragments by bone developed from 



Fig 21 — A, fractured humerus of Cat 20, B stained slide cut from fractured 
humerus of Cat 20 


Experimlnt 20 — Cat 20 was killed thirty-siv days after the fracture The 
same operation was performed as on Cat 17, the saw breaking, and the division 
of the bone being completed with Liston bone forceps 

When the cat was killed, the wound was healed and the hair had grown 
ovei the site of operation The bones, with the tissues immediately sur- 
rounding them, were removed They rvere apparently overlapped about 2 cm , 
and there was no sign at all of union 

Examination of Stained Slide— The two fragments articulated at an angle, 
or rather the end of one fragment articulated with the side of the other frag- 
ment at almost a right angle, about 2 cm from its extremity The end of one 
fragment had been caught obliquely by the microtome knife so that the patenc} 
of Its marrow canal could not be determined, but the marrow canal of the ot er 
was almost completely shut off with new bone trabeculae whose spaces were 
filled with dense fibrous tissue Apparently these bone trabeculae were emg 
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formed ftom fibrous tissue, for uitliin the marrow canal there was no evidence 
of endochondral bone formation On the outside of the end of each cortex 
of this fragment, the stained slide showed, beneath the periosteum, a fairlj 
regular semicircle of new bone, forming from cartilage, as if in the blind effort 
to accomplish the classical wiped joint usuallj found in the healing of fractures 
But all this new bone was well cncapsuhtcd bj iibrous tissue, and showed no 
teiidencv to spread across to the othei fragment, being separated from it bv 
sen dense fibrous tissue wdiicli contained clefts or rifts This dense fibrous 
tissue extended o\er the entire end of the fragment forming a thick cap for 
It, and passing down among the trabeculae in the ecntral nnrrow' canal is 
noted abose 



Fig 22 — A, fractured humerus of Cat 21 , B, stained slide cut trom fractured 
humerus of Cat 21 

The other fragment was capped on the outside of its conical end by new 
endochondral bone, spongy m its interior but denser at its penpherj This 
cap of bone was covered almost completely by rather dense fibrous tissue 

Summaiy — There was the formation of a new joint betw’een the end of one 
fragment and the lateral aspect of the other Internal and external callus 
was present 

THIRD SERIES 

In this senes a longitudinal incision was made in the periosteum, 
and the right humerus was divided by Liston bone forceps 

Experiment 21 — Cat 21 was killed forty-eight days after the fracture A 
lateral incision was made on the fore leg, intermuscular dissection was carried 
down to the periosteum, and a longitudinal incision was made through the 
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peiiosteum The periosteum was scpaiated from the ! onc^ the bone was divided 
with Liston forceps and was sutured with deep and superficial catgut sutures, 
and a collodion dressing applied 

When the cat was killed the wound was well healed and the hair had grown 
over it Marked overriding of the fragments was present, but no sign of union 

Exammatwu of Stained Slide — The marrow canal of one fragment was 
open, and in the marrow, close to the end, were irregu’ar chips of bone or 
bone trabeculae, which for the most part appeared to be dead, but the nuclei 
of some stained well, so that one got the impression that they were partly 
chips of bone from the fracture being absorbed, and partly new bone building 
across the marrow’ canal The ends of the cortex of this fragment were ragged, 



Fig 23 — 4, fractured humerus of Cat 22, F, stained slide cut from fractured 
humerus of Cat 22 


and the bone of the cortex on the far side from the other fragment stained 
poorly, while that of the cortex towaid the o4ier fragment stained rnuc more 
distinctly Across the end of this cortex and extending about half i y 
the end of the marrow canal was dense fibrous tissue, and this rous 
ran across to the other fragment, showing in its structure a marked car i g - 
nous element as it neared the cortex of the latter In this cartilage, 
of bone trabeculae was beginning, but, whether because of an artefact or , 
tse trabeculae were not apposed to the cortex A sma 1 irregular slit lay 
between the intracartilagmous bone formation and the cortex 
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Tlie end of the other fragment had been cauglit at an angle bj the microtome 
knife, so tint the patencj of the nrarrow canal covild not be determined 
Fibrous tissue extended from near the end of this fragment to the cortex of 
the other, and this tissue also showed much cartilage m the icgion of the 
latter cortex, with new' bone trabeculae developing close to tbc cortical bone 
These trabeculae were not separated from the cortex as w'crc the others 

In the connecting tissue were irregular rifts or rents, one of them extending 
from a spot oier the open marrow canal of the one fragment diagonalh across, 
almost to the cortex of the other and in this rent, ns m some of the others, 
were organised masses of fibrin, with the tipical shanc of synovial m11i Indeed, 
the sides of the cleft might ha\c been mistaken for siiiovial membrane 



Fig 24— ,4, fractured humerus ot Cat 23, j7, stained slide cut from fractured 
humerus of Cat 23 

Stmn’a)\— In spite of the small intracartilagmous bone development, there 
was no indication in this specimen that boiij union ever would take place 
Everything pointed to the establishment of a new joint 

Experiment 22— Cat 22 was killed sixty-two days after the fractuie The 
same operation was performed as on Cat 21 The animal was joung When 
It was killed there was no sign of infection The w'ound had healed and the 
fur had growm o\ er it Apparently, there w'as firm union, with a large amount 
of callus 

Examination of Stained Slide — The fragments overlapped and the end of 
one had been caught by the microtome knife obliouelj so that whether or not 
its marrow canal had been shut off bj new bone could not 1 e determined On 
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the side of its extreme end, toward the other fragment, was a fairly large mass 
of newly developing intracartilaginous bone, and some distance from the end, 
also on this side, toward the other fragment and continuous with the cortical 
bone, was a narrow strip of new intiacartilaginous bone still in the stage of 
development Dense fibrous tissue in bundles separated this fragment from 
the other, and in this fibrous tissue were long and well defined rents In places 
along the side of these rents, organi/mg fibrin could be seen with an appearance 
typical of svnovial villi Appaiently, the formation of a new joint was rather 
well advanced 

The end of the marrow canal of the other fragment was well walled off 
with new bone, and the fibrous tissue dividing the two fragments passed over 
this new bone Over the end of this fragment in the fibrous tissue, the rents 



Fig 25 — A, fractured humerus of Cat 24, B, stained slide cut from fractured 
humerus of Cat 24 


were continued with their villous formation The sides of the cortex this 
fragment showed no new bone, but in the fibrous tissue at the extreme en o 
this fragment, and separated from it by a small interval, ^vas a small mass o 

new intracartilaginous bone 

5i(jiniiaiy —There was new joint formation The hones were united y 
fibrous tissue containing clefts or rents 

Experiment 23 -Cat 23 was killed after forty-one days It was ^-v^hly 
finite a voung cat The operation was the same as that performed on 
™ced.,rca« When .he an.mal eves k.lled, there was no s.sn of .n ect.on 
Ld the hair had grown oyer the wound Apparently, firm union was p 
With considerable callus a centi- 

.srx-rt ri . ho,h 
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bones ^^ere almost completely slmt olT bj new bone trabecnhe with a rather 
dense spong^ structure The two fiagmcnts were joined bv a mass of cartilage 
and bone which was not homogeneous in structure Near one fragment it con- 
sisted almost exclusively of cartilage and near the other fragment of bone 
This mass of cartilage extended o\cr the end of each fragment, and over almost 
the entire mass, the periosteum could be traced New bone trabeculae, the 
so-called internal callus, were seen on the inner asnect of the cortex of one 
fragment, and in its central canal 

Suinmai \ —There was cartilaginous callus binding the two bones together 
lateralh Ossification of this cartilage was well adsanced The ossification w'as 
proceeding from the cortices, and apparenlh in tune would be complete 



Fig 26 — A, fractured humerus of Cat 25, B, stained slide cut from fractured 
humerus of Cat 25 

Experiment 24 — Cat 24 w'as killed after tw'enty-tw'o days The same opera- 
tion was performed as on the three preceding cats When the cat was killed, 
the w'ound in the skin was healed The fragments had overridden and there 
was no evidence of union On cutting down to the fractine a focus of pus was 
opened, m which the distal end of the proximal fragment lay bare and rough 

Examination of Stained Slide — The fragments had been cut at such an angle 
by the knife that little could be told as to topography Each fragment showed 
beginning endochondral bone formation on the outside of its cortex, but no 
attempt at union of the two fragments was evident They were separated bv 
an interval of about 0 5 cm, and this interval was occupied by muscle and 
fibrous tissue in rather loose bundles, with many nfts 

SKWJiimy— While it was too early to say positivelv, apparently the bones 
would not ha\e united in this case Infection about the end of one fragment 






Fig 27 — ^ fractured humerus of Cat 26, B, stained slide cut from fractured 
humerus of Cat 26 



marrow beneath the hole made in the cortex , X 4 
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Experiment 25— Cat 25 died after fom dajs The operation was the same 
as that performed on the last four cats The periosteum was separated from 
the bone with diffieultv The cat died of an unknown disease There was no 
sign of infection about the wound Marked ecclnmosis was present, and the 
fragments were loose 

Exammofioii of Siaiiud Slide— The end of each marrow- canal was shut off 
bv a blood clot, and m one of these clots were a number of small spicules of 
bone, evidcntl} broken off at the time of fracture The periosteum was thick- 
ened, and in the neighborhood of the fractured end hemorrhage had taken 
place beneath it 

5i(in«iaiy — There was hemorrhage in the marrow, and under the periosteum 

Experiment 26 — Cat 26 was killed aftci fift>-five dajs The same opera- 
tion was performed as on the preceding fi\e cats When the cat was killed 
the wound had healed, and the fur had grown o\ei it Moderate callus was 
present, with firm union 

Exaiiniiatioii oj Statiud Slide — The fragments had oierridden somewhat less 
than a centimeter, and lateralh were about 0 5 cm apart The end of one 
bone had been caught at an angle bj the microtome knife, so that the cortex 
was pointed, and shut off the marrow canal in the slide Whether or not the 
canal actually was shut off, it was impossible to tell The marrow canal of 
the other fragment w-as partiallj shut off be new- bone trabeculae \ tew 
scattered trabeculae were also seen in the marrow- in the immediate vicini'j 
of this attempt at closing off The overlapping fragments were tightlj welded 
together by a mass of new- bone, w-hich evidently had been developed from 
cartilage, but there w-as no new bone on the off side of either fragment, and 
no evidence of any internal callus — no new bone trabeculae on the inside of 
the cortex The new bone callus w-as continuous directly with the apposed 
cortices The periosteum w-as continuous over much of the new bone, but on 
account of the stripping of the soft parts from the specimen on the slide, its 
contmuitj could not certainly be determined 

Suinmafs — ^There w-as firm bony union, apparently through the medium of 
cartilage The new- bone w-as directly continuous with that of the apposed 
cortices 

CCMJIENT 

These three sets of experiments were undertaken to demonstrate 
the truth of a theory which I have tauglit my classes for a number of 
years, nameli^, that after a fracture, the periosteum serves as a bridge 
m which nature builds bone, and that nonunion is usually due to the 
absence of this bridge ^ Not only do the experiments fail to demon- 
strate this, but they show that the theory was false In none of the 
slides was there anj evidence of any active part taken by the periosteum 
in the actual formation of new bone, and yet the most cursory inspec- 
tion of the results demonstrates that the periosteum must play an 
important role of some kind, for where it was divided, there nonunion 
regularly resulted The exact role of the periosteum in bone forma- 
tion, and especially m the healing of fractures, has been the subject 
of much discussion Indeed, the whole subject of the formation of 

1 Ely L W The Formation of Bone, \nn Surg 69 225 (klarch) 1919 
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bone 3s still far fiom settled These experiments throw light on 
both problems, but before consideimg them, we may profitably spend 
some time on a general study of bone formation The study cannot 
be opened better than by an accurate definition of the terms employed 
Bone is an animal substance composed of organic material consisting 
of cells and intercellular substance, the latter impregnated with salts 
of lime and magnesium 

Mai row is the soft tissue within the bone—all the soft tissue within 
the bone, except the bone cells themselves Its situation, not its 
composition, detei mines its name Wherever there is bone there is 
maiiow, and no matter what the composition of a tissue maj’’ be, if it 
not situated within the bone, it is not marrow Thus, small pockets 
of tissue with all the chat acterisiics of marrow are occasionally seen 
in the region of the joints, on the outside of the cortex, immediately 
under the periosteum , but this is not marrow 

Peiiosteum is the tissue which covers bone m all situations not 
covered by the articular cartilage As with the marrow, the situation 
of this tissue determines its name, not its structure It usualh con- 
sists of fibrous tissue, but m places it may consist of cartilage or of 
fibrocartilage 

If one looks through a microscope at the periosteum and the cortex 
of a growing bone, that is, of a bone of a child, one will see, lying on 
the cortex, numbers of bone cells or of osteoblasts The trabeculae 
of the bone within the shaft present the same appearance whether they 
are being built up oi torn down These cells on the outside of the 
coitex, in a sense, may be said to be part of the periosteum, but really 
they ha\e nothing whatever to do with it They belong to the bone 
on nhich they lie Nevertheless, they are responsible for the widely 
he'd opinion that the periosteum has two layers m its structure Oilier 
first promulgated this theory, and poetically likened the periosteum to 
the bark of a tree, with its cambium layer His theory gamed almost 
universal acceptance until MacEwen challenged it a few years ago 
In the quiescent bone of the adult, nothing like a second layer of 
the periosteum can be made out This subject is really not a question 
for debate We cannot assume the presence of two layerb because our 
clinical observation teaches ns they should be there, and as far as I 
ha\e been able to find out, no CMdence other than clinical ever has 
been adduced for the presence of two layers of the periosteum m the 


adult bone 

Fibers of the periosteum run down into the bone cortex, but, as 
soon as they enter the bone they cease to be part of the periosteum. 


and become part of the marrow 

Cartilage is a connective tissue consisting of cells and of a nom 
geneous or fibrillar basement substance impregnated with chondromiicin 
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Typical cartilage is easily identified, but m ceilain cases the identifica- 
tion IS only possible by lecognizing the peculiar caitilage cells in their 
capsules When these appeal in fibious tissue, we call the tissue 
fibi ocai tilage 

Till: FORMATION OF BONF 

Two theoiies have been held as to the formation of bone in general 
According to the first, the nietablastic, the members of the connective 
tissue group have the mheient jiowei to change fiom one to another 
under certain circumstances, without the influence of any active outside 
agent This theory has been almost abandoned, and has been replaced by 
the osteoblastic theor}’’ Accoiding to this theory, bone is formed as the 
result of the action of a bone forming cell the osteoblast We assume 
that there is such a cell, but we do not know its derivation, and we have 
no means of identifying it undei the microscope It is supposed to be 
a small cell, with a deeply staining, round or polyhedral nucleus, 
frequently seen on the borders of bone trabeculae When we see such 
cells on the trabeculae, we aie wont to say that they are osteoblasts, 

and that bone is being built up in this situation This, however, is not 

always the case Similar cells are seen in that situation when we 
know 1 ery well that the bone is being torn down Moschcowitz ^ says 
that the osteoblast is simply a differentiated endothelial cell from the 

wall of the blood vessel At any late, unless the osteoblast is the 

same thing as a cartilage cell, it must be brought to the tissue to be 
converted into bone, either in the blood stream or in the wall of the 
blood vessel, for bone formation never begins in cartilage, or, for that 
matter, in any other tissue, until the blood vessel pushes its way in 

We assume, then, some specific cell, the osteoblast, as the active 
agent m the formation of bone — the builder, so to speak The next 
question is Out of what is bone built ^ It may evidently be built out 
of one of a number of materials It may be built out of cartilage — 
intracartilaginous formation It may be built out of fibrous tissue — 
intramembranous bone formation Apparently, bone may also be manu- 
factured out of amorphous or granular necrotic material, as in old 
inflammatory processes in lymph nodes, or in kidneys whose arteries 
have been tied off ^ 

The third thing that is necessary for bone formation is a stimulus, 
pathologic or physiologic, as the case may be Function is a stimulus, 
as IS the mere presence of bone If a piece of bone is removed from 
a live animal, and then if it is immediately buried in the same animal, 

2 Moschcowitz, Ell The Relation of Osteogenesis to Ossification, Bull 
lohns Hopkins Hosp 27 71 (March) 1916 

3 Liek Zur Frage der heteroplastischen Knochenbildung, Arch f klin 
Chir 80 279, 1906 
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the bone and its contained marrow die ’ Whatever happens thereafter 
in that piece of bone and marrow, therefore, must be the result of 
activity from the surioiinding tissues The first thing that happens is 
the pushing m of blood vessels from these tissues, and, if the fragment 
IS covered in any part of periosteum, at that part vascularization first 
takes place 

Following the pencil ation of the b’ood vessels, two distinct and 
opposite piocesses start m this steiile, dead piece of bone, on the one 
hand, lebuildmg with new, live bone, and on the other hand, clearing 
away and absoiption of the fiagment According to circumstances, 
one or tjie other of these jirocesses will prevail, and the fragment will 
persist and e\en, in certain ciicumstances, increase in size, or it will 
disappeai 1 he mere presence of the dead bone causes new bone to be 
formed (one stimulus) but if there is no function (a second stimulus) 
absoiption will exceed rebuilding, and the fiagment e\entually will 
disappeai 

A thud stimulus is irritation, as foi instance, about an old sup- 
puiatne osteomyelitis Normal growth cairies with it a fourth 
scimulus, whose existence we recognize, but whose nature we do not 
understand We note that, at a ceitam penod of existence, the blood 
\essel penetrates the cylinder of cartilage or the epiphysis, and initiates 
ossification, and that until full growth is attained, nature continues to 
lay down new bone on the outside of the cortex, and then ceases 
Just what starts this physiologic bone growth, and just why it stops, 
we do not know \\''e observe it, and let it go at that But wherever 
bone IS being formed, the blood vessel is the actne agent in die 
process 

We see then that bone may be formed either m the mairow or, 
perhaps, in the periosteum at the surface, but neither of these two 
tissues actually forms bone, and bone may be foimed without either of 
them, as in cartilage 

It IS well known that the ends of the cortex of a fractured bone 
possess in themselves little oi no power of repair If a hole is bored 
m the cortex of a long bone of a laboratory animal, the fractured end 
of the cortex takes very little part in the subsequent healing Nature 
does not simply bridge across the hole in the cortex with new bone as 
one would think, but she carries out her purpose by means of an 
internal and an external callus 

The external callus is small m amount, and consists of scattered 
trabeculae, mostly in the immediate neighborhood of the cortex beneath 
the peiiosteum Where the hole was made m the periosteum, that is, 

4~E1^ W and Cowan, J F A Study of Buiied Bone T Orthop Siirg 
1 100 (Feb) 1919, An Experimental Study of Buried Bone A.nn Surg 
747 (Dec) 1919 
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immediately over the hole in the bone, there the formation of bone 
occurs quite late The majoi part of the healing is brought about by 
the so-called internal callus, that is, by bone trabeculae laid down in 
fibrous tissue in the marrow, and connecting with the inner aspect of 
the cortex This makes a budge of spongy bone m the marrow across 
the hole, whose trabeculae connect through the hole, by trabeculae laid 
down in fibrous tissue and perhaps in cartilage, with the trabeculae in 
the external callus The resulting mass of callus of spongy bone has 
been likened m shape, by E H Nichols, to a collar button, with its large 
flange m the marrow, and its small flange in the periosteum The 
connecting shank slowly increases in density until it fills up the hole, but 
does not establish continuity with the cortical bone at its side until a 
very late period In other words, the cortical bone about the hole has 
played a passive part m the whole process Ever3'^thing has been done 
from the internal and external aspect of the cortex, in the marrow 
and beneath the periosteum 

We have no means of ascertaining how nearly the foregoing proc- 
ess IS imitated in an accurately adjusted fracture of a long bone 
The shank of the collar button is probably infinitesimal in thickness, 
and the roentgen rays indicate that the large flange is not in the 
marrow but in the periosteum In fact, the whole essential part of 
the union seems to take place in, or under, the periosteum and this 
roentgenographic phenomenon has gone far to strengthen the theory 
of the “bone forming” function of the periosteum 

That the periosteum plays an important role in the healing of frac- 
tures IS evidenced by other facts, notably by the fact that nonunion is 
notoriously frequent in those bones or portions of bone not covered 
by periosteum e g , the neck of the femur, the head of the radius, 
and perhaps the carpal navicular in the region where it is usually 
fractured On the other hand, we know that even in these fractures, 
if we can hold the fractured surfaces firmly together in complete 
immobility, union may be expected This union could take place in 
only two ways, namely, by direct union between the fractured surfaces 
or by the formation of an internal callus Apparently, an external 
callus does not form in the absence of the periosteum In other words, 
m the absence of the periosteum, firm apposition and absolute 
immobility are necessary for union, in the presence of periosteum, 
they are not 

Nature has the greatest difficulty in bridging the smallest space with 
bone, and clinically it appears that some function of the periosteum 
is concerned in throwing the first bridge across Just what this function 
IS, has been the subject of much dispute 

There is a widely accepted theory that two raw bony surfaces 
brought together will unite As has been said, the)”^ will not unite 
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unless held finnly togethei m immobthty This is true not only of 
rractuies but also of lescctions After lesections also, two processes 
aie set in motion, one of joint building, and the othei of ankylosis 
In the human subject, the knee is about the only large joint m which 
bony ankylosis legularly can be obtained In the others, fibrous 
ank}losis usually follows a lesection In the knee two extensne 
boil) sui faces can be brought into close apposition, and can be held 
firmly togethei In other joints, these indications cannot be fulfilled 
The elements of extensive apposition and immobility must be the 
detei mining factors in the human knee, for after resection of the dog's 
knee, bony ankjlosis is veiy hard ,to secure A new joint usually 
lesults 

1 he first thing that attracts our attention in a consideration of the 
lesults of the expeiimenls is the difference m the proportion of bony 
union to false joint m three series In the first series, that with simple 
fiactuie, bon} union regailarly lesulted if the cat was jiermitted to live 
foi five weeks In the second senes, in which the periosteum was 
dnided ciicularly, nonunion was the rule Bony union took place m 
only one cat of this senes In the third senes, that m which the 
periosteum was slit, bony union was about as frequent as new joint 
foimation From these facts the first conclusion to be drawn is 

1 7 he poioslcnm has a function to pci foi in in the healing of fiac~ 
tuics The periosteum is not indispensable, for union may take place 
when It IS slit or divided 

The next thing that inteiests us is the exact method of union The 
specimens throw much light on this In the first place, we note an entire 
absence of any bone-fonnmg action m the jjeriosteum It is not even 
serMng as a budge or scaffold for the formation of bone, a function 
which I have jjersistently assigned to it Its whole function seems to 
be to protect, to contain the soft callus between the fiagments, to hold 
It against the fiagments, so to speak The specimens show that Mac- 
Ewen \vas essentially right in regaiding the periosteum as a limiting 
membrane I have hitherto denied this I was wrong 

As to the so-called internal callus, my specimens show no evidence 
of any effective role played by it in the piocess of union Sometimes 
scattered trabeculae appeared within the marrow canal, and sometimes 
there was no bone formation there at all, but even when piesent, the 
tiabeculae were apparently not serving any useful purpose It seems, 
then, that wdiile this internal callus is the chief means wherebv nature 
repairs the damage done by boring a hole in the cortex, nhen there is 


5 Ely L W Experimental Resection of the Dog’s Knee Joint, Ann 
Surg 70 586 (Nov) 1919 Ely, L W. and Cowan, J F Experimental Resec- 
tion of the Dog’s Knee Joint Bone and Joint Studies, I, Stanford Unne 
Published by Stanford University 1916 
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an actual solution of contnunt)^ between the fragments of a fracture, 
the internal callus is a negligible factor This is in line with the 
impression which one gets from studying roentgenograms of fractures 
clinically These show that the whole process of repair takes place 
outside the coitex 

In almost all our specimens, marked displacement of the fragments 
had taken place, and they were separated by a distinct interval This 
interval, bounded on two sides by cortex, and on two sides by peri- 
osteum, became filled wth caitilage, fibrous tissue and fibrocartilage 
Union of the two fragments took place by ossification of this mass of 
cartilage and fibrocartilage ver}^ much as ossification takes place in an 
epiphysis, by the penetration of blood vessels The ossification advances 
from the cortex, and is especially marked in the angle made where the 
periosteum leaves the cortex In no case was there any evidence of 
bone formation along the periosteum where it stretched across between 
the fragments In other words 

2 Ossification of the soft callus takes place fioiii the eiteinal aspect 
of the coitex This also agrees with roentgen-ray evidence What has 
oeen assumed from roentgen-ray evidence, however, to be a bony bridge 
built by the activity of the periosteum, is really the result of bone 
formation proceeding from the cortex The few experiments which 
were allowed to run for a considerable time indicated that after bony 
union was complete, the apposed and overlapping cortices were being 
torn down, and that a rearrangement of the bone architecture was 
going forward Presumably, a new cortex would be formed in the 
bony callus, and a central medullary canal would be established within it 

In the cases of nonunion, the fundamentals of the formation of the 
soft callus were the same as in the other cases, except that the produc- 
tion of fibrous tissue was possibly more abundant New bone develop- 
ing from cartilage appeared on the outside of the cortex m these cases 
also The chief distinguishing mark in these two series was the forma- 
tion of rifts in the fibrous tissue of the soft callus, and when the soft 
callus was transformed partially or completely into cartilage and bone, 
the large rift or series of rifts constituted a regular joint, lined by 
cartilage or by fibrocartilage, sometimes m places showing a distinct 
villous formation, like that of a synovial membrane 

This formation of a new joint is the rule m the series of experiments 
in which circular division of the periosteum was carried out Only one 
case of the series showed bony union The series in which the peri- 
osteum was slit does not show this almost uniform tendency The 
cases are too few for accurate judgment, but, roughly, bony union is 
about as frequent in the uninfected cases which have run a sufficient 
time as is new joint formation In other words 
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1 When the periosteum is intact, bony union is to be expected 

2 When the periosteum is completely divided, bony union is not to 
be expected 

3 When the periosteum is slit, bony union may or may not take 
place 

CONCLUSION 

After an ordinary fracture, hemorrhage takes place from the 
mairow canal under the periosteum The periosteum is stripped up 
from the cortex by this hemorrhage and by the fracture itself Then 
come the deposition of fibrin, the formation of granulation tissue and 
the fonnation of caitilage and fibrocartilage in the space beneath the 
stnpped-up peiiosteum Probably the function of the periosteum is 
only important in the early stages, up to the formation of the carti- 
laginous callus The periosteum probably serves to keep the hemor- 
rhage from escaping and the granulation tissue undisturbed It has no 
bone-foiming function, and bone is not built out of it The subsequent 
ossification of the cartilaginous callus is carried out almost entirely if 
not exclusively, from the external aspect of the cortex The internal 
callus plays no eftective part in the union It is rudimentary when 
It IS piesent 



FRACTURE OF THE TIBIAE SPINE 


AN EXPERIMENTAL STUDY 
FRANK E BLAISDELL, SR, MD 

SAN FRANCISCO 

The present aiticle is the result of experimental observations on 
fracture of the tibial spine The work was done on cadavers It 
consisted mainly of demonstrations before classes of students, during 
the regulai couises on fractures and dislocations, and of experiments 
made at other times Textbooks are particularly silent on fractures 
of the tibial spine when they are not a complication of a more serious 
injury to the knee 

This form of fracture occurs most frequently as a complication of 
dislocation of the knee or of fracture of the tibial tuberosities As 
a simple uncomplicated fracture it is apparently not so rare as one 
might be led to believe fiom textbooks and treatises on fractures m 
general In such injuries to the knee as the so-called sprains or twists, 
it passed unrecognized before the introduction of the roentgen rays 

It IS not my object at present to consider fracture of the tibial 
spine as a complication, but to consider it as an uncomplicated fracture 
with a minimum amount of damage to some of the ligaments of the 
knee joint 

ANATOMY 

It is essential to consider briefly the salient anatomic characteristics 
of the ligaments of the knee joint in order to follow closely what 
will be said regarding the experiments and mechanisms involved and 
also to be able clearly to account for the pathologic condition 

The knee joint is the largest and one of the most superficial 
joints of the body It owes its remarkable strength not only to its 
bony construction but also to the strong resisting ligaments, reenforced 
by one of the strongest fascias of the body — the fascia lata, together 
with the tendon of the powerful quadriceps extensor muscle, which 
binds and holds the parts together The expansion and mutual blending 
of these fibrous structures, along with the other ligaments to be 
mentioned, add stability to the osseous constitution of the articulation, 
and enable it to withstand the leverage of the two longest bones of 
the body The great size of the bone ends is important in determining 
more advantageous leverage by which the strain on the ligaments 
IS lessened 

*From the Laboratory of Surgical Pathology, Standford University School 
of Medicine 
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It may be well to lemember that the knee joint m some of the 
lowet animals is composed of two separate joints, one foi each condvle, 
and the crucial ligaments of man are the i epresentatives of lateral 
ligaments when these joints exist as sepaiate entities 

Ciiicial Ligaments (Fig 1) —These ligaments of the knee are 
mtei osseous, being situated withm the joint but external to the synovial 
membiane They are named antenoi (lateial) and posterior (medial) 
from the position of then attachment to the tibia Gray says that 
the} possess consideiable stiength, while Treves^ refers to them as 
being leiy powerful 



Fig 1 — Outline drawing showing tlie crucial ligament of the knee joint 
L, anterior crucial ligament, M, posterior crucial ligament 

The anteiior crucial ligament is attached to the depression in front 
of the spine of the tibia, being blended with the anterior extremity 
of the lateral meniscus , and passing obliquely upward, backward and 
outwaid, it IS inserted into the inner and back part of the lateral 
condyle of the femui 

The poster loi crucial ligament is stronger, shorter and less oblique 
m its direction than the lateral It is attached to the back of the 
depression behind the spine of the tibia, to the popliteal notch and 
to the posterior extremity of the lateral meniscus, passing upward, 
forward and inward, to be inserted into the outer and forepart of the 
inner condyle of the femur, where it blends with the hgamentum 

posticum 

i TrevM, Frederick Surgical Applied Anatomy, Ed 7, rc\ised by Arthur 
Keith and W Colin Mackenzie, 1917 
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Collate) al Ligaoioits — There aie two of these, the lateral and 
medial Tre^es considers them comparatively feeble The lateral 
ligament consists of two parts, the fibulai collateial and a short, or 
posterior, portion 

The fibular collateial is a strong, rounded fibrous cord, attached 
above to the back of the lateral tuberosity of the femui , below, to 
the lateral pait of the head of the fibula Externally, it is covered 
by the tendon of the biceps muscles, which divides at its insertion into 
two paits, sepaiated by the ligament The tendon of the pophteus 
muscle and inferior external articular vessels and nerves passes beneath 
it Piersol consideis this ligament as truly distinct 

The shoit, or posterior, part may be absent It is an accessory 
bundle behind and parallel to the preceding It is attached above to 



Fig 2 — Outline drawing showing where force was applied to throw tensile 
stress upon the anterior crucial ligament (left) , and upon the posterior crucial 
ligament (right) 

Fig 3 — Outline drawing showing how the leg was supported and where 
force was applied to produce fracture of the tibial spine as shown in Figure 4 

the lower and back part of the lateral tuberosity of the femur, below, 
to the styloid process of the fibula and is inseparable from the capsule 
Passing beneath it are the tendon of the pophteus muscle -and the 
inferior lateral articular vessels and nerves 

The medial, or tibial collateral, ligament is a well defined, strong, 
flat fibrous band, thicker behind than in front It is attached above 
to the medial condyle of the femur, below, to the medial tuberosity 
and medial surface of the shaft of the tibia to the extent of about 2 
inches (5 cm ) It is crossed, at its lower part, by the tendons of the 
sartonus, gracilis and semimembranosus muscles, a synovial bursa 
being interposed Its deep surface covers the anterior portion of the 
tendon of the semimembranosus with which it is connected by a few 
fibers the synovial membrane of the joint and the inferior articular 
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vessels and nerve It is adherent to the medial meniscus Piersol 
considers this ligament as only a part of the capsule artificially sepa- 
lated Both collateral ligaments are situated nearer the back than the 
fiont of the joint 

Ligament mn Patellae —Tlws ligament is that part of the quadriceps 
extensor tendon in which the patella is a sesamoid bone It is a strong 
flattened fibrous band, about 2 inches (5 cm ) long, and inserted into 
the tibial tubeicle It is fused at the sides with fibrous expansions 
fiom the quadriceps extensor muscle 

Capsula A) iiculai is — This forms the Iigamentum posticuin which 
IS stiengthened above bj' oblique fibeis from the tendon of the semi- 
membranosus muscle, forming Winslow’s ligament The capsule as 
a whole is very thin but stiong fibrous membrane filling in the intervals 
between the stionger paits named above, winch m part are insepaiable 
from It 

SURGICAL AN VTOIUY 

Almost all of the facts piesented here have been reviewed on the 
anatomic pieparations in the teaching collection of the laboratory of 
surgical pathology of the Medical Department of Stanford University 
It IS very important that they be repeated although more or less extant 
m textbooks and m the literature 

Regarding the crucial ligaments, Treves states that they are more 
or less tense in all extreme positions of the joint The anterior ligament 
especially resists extension, forward displacement of the tibia and 
rotation inward of the leg, wdnle the posterioi resists extreme flexion 
and displacement backward of the tibia In tbe moment of extension, 
the tibia slides slightlj' forward and is rotated slightly outw^ard In 
flexion it glides backw^ard and rolls slightly inw^ard The centei of 
rotation of the tibia, wdien near the position of extieme extension, 
passes behind the lines joining the points of insertion of the collateral 
ligaments, so that the knee automatically locks m the position of 
extreme extension In this position the locking arrangement permits 
stability ivith a minimum of muscular action in standing Therefore, 
the standing position is less fatiguing than it otherwise would be 

On the whole, extension generally is limited by the crucial ligaments , 
flexion by the Iigamentum patellae and anterior part of the capsule m 
addition to the crucial ligaments 

We should be familiar with the fact that rotation of the knee is 
possible only in the flexed position The patellar ligament is tense m 
flexion, and relaxed in extension when the quadriceps extensor muscle 
IS relaxed Acting m conjunction w'lth the anterior portion of the 
capsule, It limits excessive flexion, especially m the emaciated, less so 
m the adipose, as the soft parts are more prominent and naturally 
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dimmish the range of flexion Both collateral ligaments aie tense 
during extension and relaxed during flexion Together they withstand 
the lateral strains and also check hyperextension and outward rotation 
The ligamentum posticum limits extension 

Lange believes that the crucial ligaments together limit or prevent 
forward and backward sliding, and that both are more or less tense in 
all positions of the knee joint, with the exception of flexion Here 
he disagrees with Treves Davis states that these ligaments are not 
tense in all positions, for in flexion they become slightly relaxed 
Robert Jones - states that both crucials check inward rotation of the 
tibia 

It must be boine m mind that no two joints are exactly alike as 
regards the relative length, strength or size of the parts This natural 
variation no doubt accounts for slight differences of opinion among 
authors 

EXPERIMENTS 

Having considered the normal functions of the ligaments of the 
knee joint, it is logical to inquire what happens when excessive stress 
IS thrown upon the joint in various directions The following questions 
set forth the problems involved 

1 What occurs when force is applied to the lower and anterioi 
part of the thigh just above the condyles of the femur, in a backward 
and slightly outward direction, with the leg in extension and fixed 

2 What occurs when force is applied to the upper and back part 
of the leg, when it is extended and the thigh is fixed ^ 

3 Can fracture of the tibial spine, rupture of a crucial ligament, 
or avulsion of a fragment of bone from the femoral condyles be 
produced without visible or, at most, but slight injury to the collateial 
ligaments, rupture of fascia, fracture of the femoral condyles or tibial 
tuberosities other than those produced by direct pull on the crucial 
ligaments ^ 

4 What happens when forcible stress is exerted laterally against 
the knee when in a state of extension^ When m a state of flexion? 
Which gives way first, the collateral or the crucial ligaments? 

5 What happens when forcible stress is exerted m a rotatory 
direction, either when the leg is m extension or flexion, outward rotation 
being normally limited by the collateral ligaments, and inward rotation 
normally limited by the anterior crucial ligament? 

In the living subject as well as m the cadaver, stress will unavoid- 
ably be exerted in several directions simultaneously, the results bemg 
influenced by position and the individual anatomic peculiarities m 
each case 


2 Jones, Robert Sect VIII, Injuries to Joints, Oxford Loose-Leaf Surgeri, 
Vew York, Oxford Universitj^ Press 1 812, 1918 
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Tcchmc The part to which the foice is to be applied is covered 
by a thick pad, formed usually fiom an ordinary sheet which is folded 
a number of times until it is about 12 inches (30 cm ) square The 
blow IS struck with a club made from a scantling 4 inches (10 cm) 
wide, thus giving a broad surface The joint after production of the 
injuiy is opened by making a large oval patellar flap which is reflected 
downward, giving a good exposure of the interior of the knee 


KEPORT or EXPERniENfS 

Expcnntcut 1 —This was performed on the cada%er of a 30 ung, husky colored 
man, wliosc limhs \serc rigid The body was placed in a prone position The 
distal e\tremitj of the right thigh (femur) was supported on a 4-inch (10 cm) 
block jilaccd beneath the femoral condvies The distal part of the leg was 
supiiorted in a similar waj' The thick pad was thrown over the upper part of 
the sural region, and a hea%j blow' w'as delivered in such a way as to drive the 
tibia forward and a little iiuvard on the femur (Fig 2 B), the object being to 
produce tensile stress in the direction of the longitudinal axis of the anterior 
crucial ligament 

Rcuilt — This was doubtful on account of the great muscular rigiditv The 
knee joint was opened as described above An examination of the interior of 
the joint demonstrated the parts intact The blow w'as repeated w'lth the 
joint open 

Eiaiiiuiation — Fracture of the tibial spine occurred close to the insertion of 
the anterior crucial ligament 

IIxpiRiMiNT 2 — The same technic and mechanism w'ere employed on the left 
knee 

Result — Rup'ure of the anterior crucial ligament occurred 

ExpirimfivT 3 — This was performed on the cadaver of a middle aged w'hite 
man, wdiose extremities w'ere rigid, w'lth possible flexion of not more than 10 
degrees The body was placed in a supine position The tibia of the left knee 
W'as supported on a block, the end of which -was flush with the articular surface 
of the tibia (Fig 3) A pad was applied over the distal and anterior surface 
of the thigh and a heaij' blow w'as delivered just above the condyles (Fig 3A) 
in such a way as to drive the femur backward and a little outward, the object 
being to produce tensile stress on the anterior crucial ligament, in the direction 
of its longitudinal axis 

Result — Laceration of the anterior crucial ligament occurred 

Experiment 4 — The same technic and mechanism were emploj'ed on the right 


knee as in Experiment 3 

Result — Laceration of the anterior crucial ligament resulted 
Experiment S — This was performed on the cadaver of a white man, aged 
91 years, a laborer The body was placed m a supine position The left knee 
was rigid, very slight flexion being possible The proximal extremity of the 
leg (tibia) was supported as in Experiment 3 A pad was thrown over the 
distal extremity of the thigh and a heavy blow was delivered just above the 
condyles of the femur, the object being to produce tensile stress on the anterior 


crucial ligament, as in Experiment 3 
Result — A comminuted fracture of 
with an intercondylar line of fracture 
tibial spine— a small fragment of bone 


the distal third of the femur occurred, 
entering the joint, also fracture of the 
being torn off by avulsion through pull 


on the anterior crucial ligament 



BLAISDELL— FRACTURE OF TIBIAE SPINE 


567 


Experiment 6 — The same technic and mechanism as in Experiment 5 were 
employed on the rigid right knee 

Result — Fracture of the femur occurred at the lower third, as well as frac- 
ture of the tibial spine, consisting of a large fragment, measuring 1 by 1 S cm 

Experiment 7 — This was performed on the cadaver of a white man, aged 
82 years, whose knees were flexible The body was placed in a prone position 
The distal extremity of the left thigh (femur) was supported on a block which 
was placed just above the condyles The distal extremity of the leg was 
supported by a block, the upper part of the sural region was covered by the 
usual pad and a heav}' blow was delivered just below the tibial tuberosities 
(Fig 2B), driving the tibia forward and a little inward on the femur The 
object was to produce tensile stress in the direction of the longitudinal axis 
of the anterior crucial ligament 

Result — The plica synovialis patellaris was torn over the anterior crucial 
ligament, a small thin scale of compact bone was torn from the lateral and 
anterior surfaces of the medial condyle at the point of attachment of the 
posterior crucial ligament, the anterior ligament being stretched, rupturing some 
fibers (sprain) 

Experiment 8 — The same technic and mechanism were employed on the 
right knee as in Experiment 7 

Result — Fracture of the tibial spine occurred posteriorly, the fragment being 
about 4 mm in diameter 

Comment — Four cadavers were used for the eight experiments, 
with the following results 

(a) Fracture of the tibial spine occurred four times 

(b) Laceration of the crucial ligaments occurred three times 

(c) A fragment of bone was torn by avulsion from the femoral 
condyle once 

The fiacturmg of the femoial shaft in Experiments 5 and 6 was 
something unusual in the course of such demonstrations The age 
of the subject has to be taken into account, for probably senile atrophy 
of the bone was present In none of the other experiments was there 
macroscopic evidence of gross injury 

No experiments are given in which the femur was driven forward 
and slightly inward (Fig 2 D), or the leg driven backward and 
slightly outward (Fig 2 C), so as to produce tensile stress on the 
posterior crucial ligament m the direction of its longitudinal axis The 
results of such experiments have been just as positive as those reported 
above, m which stress was thrown on the anterior crucial ligament 
As in the case of the latter, one of three things occurs, namely fracture 
of the tibial spine posteriorly, rupture of the ligament itself, or avul- 
sion of a fragment of compact bone at the point of insertion of the 
ligament into the anterior and lateral surface of the medial condyle 
Macroscopic or objective evidence of injury is just as unusual as in 
the experiments in which stress was thrown upon the anterior crucial 
ligament 
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The 1 esults in Expei iments 7 and 8 are not m accord with the usual 
results when stress is exerted upon the anterior crucial ligament Here 
an element of variation appears The anterior ligament was longer 
than usual oi stretched, throwing the tension upon the posterior liga- 
ment Dr Oscar Allis once remarked to me regarding the constancy 
of 1 esults, “If we do not get the i esults we desire, we get something 
just as interesting and instructive” 

Likewise, there is no report of results of experiments in which 
force was exeiled laterally over the distal extremity of the femur or 
pioximal pait of the tibia In such experiments the collateral as well 
as the crucial ligaments are involved The results are fracture of 
the femoral condyles, oi in lieu of this the tibial tuberosit)' or, laterallj^ 
the fibulai head, ruptuie of the ligaments, larely, fracture of the 
tibial spine oi uiptuie of the crucial ligaments, or avulsion of a frag- 
ment of bone from the femoral condyles through tensile stress upon 
these ligaments, wnth a varying degree of dislocation depending on 
the dnection and amount of violence The giving way of the collateral 
01 ciucial ligaments is considered by Ross as an essential of dislocation 

The results of experiments in w'hich rotatory and forcible stress 
w^'is exerted thiough the leg, with the thigh fixed, or vice versa, are not 
so satisfactory on account of the rigidity wduch is usually piesent 
It IS believed that muscular action plays an important role m life 
Fracture and luptuie of ligaments are obtained, but of such a varying 
kind as to preclude positive predictions 

Dr Ross ' in his Experiment 48, by fixing the left femur and jerking 
the leg upw'ard, pioduced a subluxation of the leg posteriorly on the 
femur This leg w'^as dissected wnth the follownng results “Posterior 
subluxation was demonstrated, wuth sprain fractuie of the inner and 
outei condyle through the agency of the posterior and anterior crucial 
ligaments, respectively, sprain fiactiue of the inner condyle through 
the agency of the tibial collateral ligament, sprain fiacture of the 
postei lor tibia between the tubercles through the agency of the posterior 
capsule, proved by micioscopical section, separation of the fibers of 
the semimembranosus at the seat of its expansion into the posterior 
capsule and separation of some of the fibers of the inner head of 
the gastrocnemius The two last named fiber separations were clearly 
visible to the unaided eye ” This citation is enough to show the 
character and degree of injuiy in such cases 

In the cadaver, musculai influence as a vital factor is necessarily 
nil Here the muscles act as splints and more or less neutralize the 
applied force, depending, of course, on the degree of rigowmoitis, or 

3 Ross, G G A Study of Sprain-Fractures as an Essentia! to the Occurrence 
ot Dislocation, Ann Surg 56 599, 1912 
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in the embalmed cadaver on the rigidity due to the embalming 
fluids, as m my Experiment 1 in which it was necessary to repeat the 
application of force 

CITATION or PUBLISHED CASES 

It Will be elucidating and convincing to note carefully the similarity'^ 
in some ways between my experimental cases and certain points in 
those that follow 

Dr Sidney Lange ^ cites two cases of avulsion of the tibial spine 

Casi 3 — Mr McD , while w resthng, accidentally twisted his left knee and 
fell to the floor He suffered great pam but was able to walk to the hospital 
Examination was negative, but a roentgenogram revealed a tearing off of the 
tibial spine 

Casi 4 — Mr J D , while attempting to alight from a moving street car, 
twisted his left knee and w'as thrown violently to the ground He was unable 
to arise, owing to great pain in his knee Examination w'as negative A 
roentgenogram showed a tearing off of the medial condyle of the femur and an 
avulsion of the tibial spine 

These cases show sudden and severe strain on the knee joint, which 
gave negative evidence of bruising or any signs of fracture 

Callender® has reported the case of a boy (Case 17), aged 12, of 
healthy appearance, who gave a history of having “some days previ- 
ously fallen upon some ice, and had struck his right knee a severe 
blow over the internal condjde, twisting his leg in his fall He limped 
home but his complaints were made light of by his parents Trouble 
followed The knee joint was opened, the tvound was allowed to 
close, pam followed, health failed, pus formed in the joint and the 
leg ivas amputated ’’ 

Results of examination of the museum specimen were reported thus 

“Joint gave the ordinary appearance of an inflamed condition The lower 
extremity of the femur, from the lateral condyle of which a slice has been 
removed, shows on the portion separated, close to the front of attachment of 
the anterior crucial ligament, a deep cavity lined by a smooth membrane B\ 
its side IS suspended a small, oval-shaped portion of bone, which, with its 
surface bare and r 9 ugh, was loosely contained in it” The following comment 
IS made “There can be no doubt that this portion of bone had been unfastened 
from the coiid 3 le by some strain on the anterior crucial ligament and had 
necrosed, probably from neglect to which the boy was at first subjected” 

The following very interesting and convincing case has been reported 
by Dr Ross 

4 Lange, Sidney Ann Surg 48 117, 1908 

5 Callender, G W Fracture Into Joints, Rep St Bartholomew'’s Hospital 
6 51, 1870 

6 Ross, G G A Case of Fracture of Intercondi lar Spine of Tibia, Naial 
Med Bull 13 294, 1919 



570 


ARCHIVES OF SURGERY 


L W H , aged 30, ensign, U S S Douglass, was admitted IMarch 25 com 
laming o n swo ien and painful left knee He gave a histoo of 
struck on the pos enor surface of the left leg, just below the knee joint hl l 
snatch block weighing about 45 pounds (167 kg ) H.s boat was in the harbor 
repanng to pul to sea and the block, being used to hoist the anchor, wasltr 
heasv tension and flew about 10 feel (3 meters) After striking the patient 
who was t iroun 8 feel (2 5 meters) m the air, the block glanced off and struck 

It fiattened the bucket Ihc patient was wearing a pair of high hip boots folded 

donn in such a manner that the part of the leg struck ivas coiered by about 
four thicknesses of rubber 



lug 4 — Experimental fractuie of tibial spine as a result of tensde stress 
li u ing been thrown upon the anlerioi crucial ligament using mechanism shown 
in Figuic 3 (A) ligamcnlum cruciatum antcrius, (B) detached tibial spine, 

(C) pliea synoviahs patellaris drawn to one side, (D) meniscus medialis, 
(E) icnectcd patella and hgamentum pitellac, knee very strongly flexed 

Foi the moment, the patient was unconscious The symptoms and treat- 
ment arc not germane to the subject under consideration and will be omitted 
Rocntgen-iay examination revealed a transverse fracture of the intercondylar 
spine of the left tibia in good position and with some excess callus 

The 1 oentgenogiams showed about the same condition as my own 
expel nnental case, of which I submit a di awing and roentgenogram 
(Figs 4 and S) 
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COMME^T 

It IS important to bear in mind the possibility of variation in the 
structure of the knee joint, for it may be the clue to differences 
between cases of injury when the mechanism is similar, and to explain 

discrepancies m repoited clinical cases 

<a 



Fig 5 — Roentgenogram showing an experimental fracture of the tibial 
spine, knee in extension, same as Figure 4, mechanism of production same as 
that shown in Figure right knee, reversed in printing 


When stress on a joint is at variance with the optimum physiologic 
activity, injury is imminent, and the degree of such injury depends 
upon the relative mechanical advantage or disadvantage, plus the indi- 
vidual peculiarities regarding the relative strength of the several parts 
at the critical moment The combination of factors attending each 
lnJur^ IS, in all probability, never twice exactly alike 
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The condition of loose-jomtedness, in different degrees, may affect 
all or only a part of the ligaments of a joint In the case of the knee 
joint the collateral ligaments being of normal or average length impart 
to the joint a firmness winch we recognize as an optimum stability 
Any deviation from this condition renders the joint liable to displace- 
ments when stress is exerted upon the crucial ligaments, unless the 
muscles acting on the joint respond m such a way as to supply the 
firmness that is lacking through looseness of the collateral ligaments 
Again, the collateral ligaments may be of normal or optimum length 
or strength and the crucial ligaments, one or both, unusually relaxed 
rendering the joint vulnerable to minor degrees of violence, as stress 
falls upon the collateral ligaments and indirectly upon the muscles that 
act on the joint 

These variant factors render the joint open to injury from less 
forcible stresses, and as the whole mechanism at the time of accident 
IS a variable and complex quantity, depending upon the individual 
peculiarities and combinations of spasmodic muscular activity, it 
becomes an almost impossible task to determine the details of the 
mechanism in any case of injury We must depend on an explanation 
as best we can 

Treves^ states that from one surgical point of view, joints may be 
divided into three groups (1) those that depend for their strength 
mainly upon ligaments, (2) those that are mechanically strong, and 
that derive their stability to a great extent from the arrangement of 
their component bones, (3) those that rely for their support principally 
upon muscles The knee joint derives no strength from the shape of 
the articular surfaces, since they are merely placed in contact with one 
another, but' from its ligaments and secondarily from muscles In 
front is the powerful quadriceps extensor muscle of the thigh, the 
tendon of which acts as a ligament (ligamentum patellae) of the joint, 
posteriorly, the pophteus and relatively strong gastrocnemius of the 
sural group , medially, the semitendmosus, semimembranosus, gracilis 
and sartonus, laterally, the biceps 

In the ordinary activities of the joint, the ligaments are reenforced 
by these muscles, which are in a state of tonic contraction when the 
joint is functioning Any deviation from an optimum combination 
necessary to the normal fulfilment of the physiologic requirements will 
render the joint vulnerable when stress falls in some particular way 
When sudden stress is thrown upon the joint as at the time of 
accident, whether it be a misstep, a slip, direct violence or the giving 
way of the surface upon which the person is walking, a sudden deman 
for quick and coordinate muscular action is necessitated to reen orce 
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the joint, if this is inegular and spasmodic and outside the usual action 
some one muscle acting in a relatively strongei way than normally, 
injury may follow 

Callender says it is the “lule that bone gives way before fibrous 
tissue ” It is evident that in the extended condition of the knee joint 
twists aie without power (unless veiy violent) to cause injury The 
condition is quite difterent when the joint is moie oi less flexed, as 
repoited cases show The biceps muscle by its power of external 
rotation plays an important part in the mechanism of resulting injury , 
or it may be the pophteus, semitendinosus semimembranosus, gracilis 
and sartorms by their power of inleinal rotation 

Lange calls attention to the relation between the crucial ligaments 
and the menisci (anterior crucial and medial meniscus , posterior crucial 
with the lateral meniscus), indicating that strains upon the crucial 
ligaments will be felt by the menisci and that dislocations of the menisci 
may be accompanied by sprain-fractures 

The facts, then, which must be taken into consideration when 
studying the results of injury to the knee joint are these Allowances 
must be made for the different factors entering into the possible 
mechanism The degree of force is at times not of sufficient moment 
to do much damage and yet internal injury may be present in the 
form of a mild strain or stretching of the soft parts, of sprain or 
sprain- fracture Ross and Stewart ^ define the latter as "a condition 
resulting from an increase m tension on tendon or ligament, or from 
direct violence at the seat of tendinous or ligamentous attachment to 
bone It is a separation of all or a part of that bone to which tendon 
or ligament is attached, from that bone of which it formed a part ” 

An analysis, then, of the foregoing, correlated with the results of 
the experiments already given with those of the clinical cases cited 
from the literature, permits of the following conclusions 

1 A strain is a stretching of the soft parts with a minimum amount 
of damage It is not recognizable macroscopically, causing subjective 
symptoms 

2 A sprain is a rupture of the soft parts—ligaments or fasciae, 
recognizable by ecchymosis, loss of function and pain, the symptoms 
of which are both subjective and objective 

3 A sprain-fracture is, m the milder form, recognizable only by 
roentgen-ray examination , in the severer form it is recognized as a 
part of the pathology of dislocation 


7 Ross, G G , and Stewart, M D A Study of Sprain Fracture, Ann Surg 
55 71, 1912 



574 


ARCHIVES OF SURGERY 


In the milder form the crucial ligaments are involved, in combination 
with a strain or perhaps a sprain of the collateral ligaments, or injury 
to the menisci , in the latter both the collateral and crucial ligaments 
are involved, with difterent degrees of dislocation 

In experiments m which stress was thrown upon the crucial liga- 
ments m an anteroposterior direction, with a little outward or inward 
thrust, the resulting injury, due to pull upon the crucial ligaments, 
demonstrated that one of three things might happen (1) rupture or 
laceration of a crucial ligament , (2) fracture of the tibial spine, and 
(3) fracture of a femoral condyle by avulsion, through pull on a 
crucial ligament at the point of insertion These three elements I 
shall call the crucial triad 

Dissections showed a minimum amount of damage to the collateral 
ligaments, with no objective evidence of injury The roentgen ray 
demonstrated that a sprain-fracture was present 

Ross and Stewart ' state that about 15 per cent of all fractures 
are sprain-fractures In the past many cases of fracture have passed 
unnoticed under the diagnosis of “severe sprain of the knee ” 

Preston ® considers that fracture and avulsion of the tibial spine 
are due to pull of the crucial ligaments and are a complication of disloca- 
tion of the knee, and that avulsion of the spine occurs in lieu of 
rupture of the ligaments 

Stimson® says that avulsion of the tibial spine was known only 
as a complication of dislocation of the knee before the introduction 
of the roentgen rays, and says further that recently several cases have 
been recognized by aid of the roentgen rays m much slighter injuries 
of the knee joint, in the so-called sprains and twists He refers 
to Lange’s * article 

Robert Jones ^ states that rupture of the crucial ligaments and 
fracture of the spine of the tibia occur as the result of forcible twisting 
of the knee without sufficient displacement occurring for the case to 
be diagnosed as a dislocation of the knee 

The cases cited by Lange show that twisting of the knee played 
an important part in the mechanism of the injury, and demonstrate 
that sudden and severe strain to the knee joint is capable of producing 
injury within the joint, with negative evidence of bruising or any signs 
of fracture, not only m the cadaver but in the living subject as well 
Lange calls attention to the fact that m his Case 3 the strain was 
borne chiefly by the crucial ligaments, resulting in avulsion of the spine 

8 Preston, M E Fractures and Dislocations, St Louis, C V Mosby 

Company, 1915 , , rra 

9 Stimson, LA A Practical Treatise on Fractures and Dislocations, isa . 

Philadelphia, Lea & Febiger, 1910 
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of the tibia His Case 4 was complicated by the fact that the strain 
was appaieiitly felt by the tibiofemoial collateial ligament which tore 
oft its femoral (medial condyle) attachment This was followed by 
stiess on the crucial ligaments as shown by the injury 

In Callendei’s " case of the boy, 12 yeais old, who fell on some ice 
and struck his right knee a severe blow ovei the medial condyle, twisting 
his leg in his fall, final results showed avulsion of a fragment of bone 
fiom the medial surface of the lateral femoral condyle at the point of 
insertion of the anterior crucial ligament Twisting played an important 
pait 111 the mechanism of the injury in the three cases just cited It 
is through this twisting that tensile stiess in the direction of the 
longitudinal axis of the anterior ciucial ligament is brought about 
It makes no difference wdiether the femur is carried forcibly back- 
ward and a little outw-ard, or wdiether the tibia is carried forcibly 
forw'ard and a little inw'ard w'lth twisting, for under the remarks on 
surgical anatomy it w'as stated that m flexion the tibia rotates inward, 
and wdien this occurs under sudden stress with the leg undergoing 
flexion, sudden and heavy stress is throwm upon the anterior crucial 
ligament, for it is probable that the tibia moves forw^ard as W'ell as 
rotates imvard It has been stated above that the wdiole mechanism 
of injury is variable and complex, depending upon the individual pecu- 
liarities and combinations of irregular muscular activities, so that it 
IS impossible to determine the details attending the accident These 
activities modify the results of pure violence m manifold ways 

The case cited by Ross,® and quoted above, regarding the ensign 
on the U S S Douglass, agrees in a most gratifjnng way m illustrating 
that force applied over the upper and back part of the leg, driving 
the tibia forward, as demonstrated in the experiments given above, 
will produce fracture of the tibial spine Even the pad was present m 
the folded top of the rubber boot The exact details of the mechanism 
of production are not known as is always the case 

The consideration of the foregoing cases is sufficient to prove to a 
certain extent, at least, my findings in experimental work 

SUMMARY 

The foregoing resume and results of experimentation appear to 
warrant the following statements 

1 Variation m the anatomic constituents of a part must be con- 
sidered These affect size, strength and length, and are often a part 
of a peculiar body habitus 

2 Variations in anatomic structures may predispose the individual 
or part to injury from less forcible degrees of stress than are ordinarily 
capable of producing such injury in parts of optimum stability 
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3 Injuries to the knee joint which may appear slight or trivial 
are occasionally accompanied by a crucial triad involvement 

4 All injuries to joints should be considered seriously^ not only 
for the sake of possible strain, sprain or sprain -fracture, but as form- 
ing a point of least resistance 

5 Spram-fracture of the knee joint may be present without giving 
objective symptoms Roentgenograms reveal the fracture 

6 Rupture of a crucial ligament may be present without giving 
objective symptoms, except as stated under paragraph 16, and is not 
shown by roentgenograms 

7 Experimental fractures of the spine of the tibia agree closely in 
character and mechanism of production with actual clinical cases 

8 Spram-fracture or rupture of ligaments occurring consistently 
in experimental procedures on the cadaver afford the most positive 
proof of the fact that injuries are permitted to occur in this way, 
failure to demonstiate such injuries in experimental tests on cadavers 
means nothing (Ross) 

9 Experiments on the cadaver have demonstrated that force applied 
over the distal and anterior surface of the thigh (femur), driving the 
femur backward on the tibia when the leg is fixed, will produce rupture 
of the anterior crucial ligament (greater force rupturing both crucials), 
and fracture of the tibial spine anteriorly or avulsion of a fragment 
of bone from the femoral condyle at the point of insertion of the 
ligament, resulting m crucial triad involvement 

10 Experiments on the cadaver have given direct proof that similar 
results may be obtained when the tibia is driven forward by force 
applied to the upper and posterior part of the leg, driving the tibia 
forward on the femur, the thigh being fixed 

11 Inward rotation of the leg (tibia), when it is more or less 
flexed, may result in injury to the lateral meniscus or may involve an 
element of the crucial triad 

12 Inward rotation of the leg may be accomplished by direct action 
of the muscles (sartorius, gracilis, etc ) or by mechanical violence 

13 Outward rotation of the leg (tibia), when it is more or less 
flexed, may lacerate the medial meniscus, or involve an element of the 
crucial triad 

14 Outward rotation of the leg is accomplished by action of the 
biceps femoris muscle, or by mechanical violence 

15 Violence applied laterally to the knee results m a complicated 
j„jyj-y — fracture of femoral condyles, tibial tuberosities or fibular hea , 
crucial triad involvement, with dislocation of the knee in any degree 
according to the character of the violence 
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16 When, after an injury to the knee, it is found that the tibia can 
be displaced backward or forward, or lotated inward in the extended 
position, an injury of one or both crucial ligaments may be diagnosed 
Such patients complain of preternatural mobility and insecurity m the 
knee (Robert Jones ") 

17 When m the extended position the tibia cannot be displaced 
forward, it may be assumed that the anterior crucial ligament is not 
torn across If in full flexion the tibia cannot be displaced backward, 
the posterior crucial ligament is not ruptured (Robert Jones ") 

18 It should be borne in mind that no two injuries are exactly alike, 
either m pathology or in mechanism of production , that the results are 
the outcome of complicated interactions at a critical period of time, of 
external violence, individual peculiarities and complex spasmodic 
muscular actions, and that diagnostic statements are but guides to indi- 
vidual deductions in each particular case of injury that is of clinical 
interest 



OBSERVATIONS ON THE CORRECTIVE AND 
OPERATIVE TREATMENT OF STRUC- 
TURAL SCOLIOSIS* 

ARMITAGE WHITMAN, MD 

New YORK 

In summarizing three years’ experience in the treatment of structural 
scoliosis of unknown cause, it has seemed best to begin with a short 
discussion of scoliosis in general, and of the theory and practice of its 
treatment, in order to make clear the giadations which finally led to 
the introduction of the operation It must be understood that the 
experiences on which these remarks are based are, with one exception, 
those of hospital practice If the subject of scoliosis appears to be 
taken seriously, it is because the cases I have seen are serious and are 
so regarded by the patients themselves 

Among the most discouraging subjects with which orthopedic sur- 
geons have to deal is rotary lateral curvature of the spine It is not 
necessary in an article of this character to make an exhaustive catalogue 
of Its well known causes The most common and important are various 
diseases of the nervous system, rickets, empyema, toiticolhs, and 
vertebral malformations Less common are inequality m the length of 
the legs, astigmatism, general muscular insufficiency — in general, any- 
thing which aftects the balance or symmetry of the body 

Aside from these cases, to which a cause may definitely be assigned, 
there remains a large and extremely important class m which I am 
particularly interested scoliosis of unknown origin, or, to use a term 
which I shall employ for the sake of brevity, “idiopathic scoliosis ” 
There have been many theories advanced as to the etiologic factor 
in this group Some believe it to be unrecognized anterior poliomyelitis, 
others, malformations of the fifth lumbar vertebra, and still others, 
slouchy posture, or the persistent assumption of a faulty attitude 

I have examined all the cases in this series for evidence of anterior 
poliomyelitis, and have not found it In cases in which scoliosis is 
definitely caused by this disease, it is originally overlooked because the 
unilateral abdominal paralysis, or weakness, which is usually its cause is 
not sought for by a methodical routine examination, and often escapes 
attention It may, however, subsequently be demonstrated if present 
Malformations of the fifth lumbar vertebra have not been observed 
No two surgeons can be found who will agree as to what the roentgeno- 
graphic appearance of a normal fifth lumbar vertebra should be Aside 

*From the Hospital for the Ruptured and Crippled, service of Dr Royal 
Whitman 
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from this difficulty, however, there is the theoretical objection that a 
curvature ai ising from such a source should be the response to a constant 
variation, and that, the source remaining the same, the variation should 
proceed to a point of compensation and there cease I think that no 
one would venture to say with certainty when a given case of scoliosis 
had arrested its progress 

All authors mention undernourishment, poor muscular tone, slouchy 
attitude , m other words, the physically sloppy persons, as being typical 
subjects of the deformity Oddly enough, however, I have not observed 



Fjg 1 — Left, back before treatment , right, side view before treatment 


this to be so AH girls nowadays are under the influence of the 
debutante slouch, the attitude in which the abdomen becomes the most 
prominent feature The patients in my series, as will be seen from their 
photographs, were neither particularly sloppy nor particularly weedy 
All that we are entitled to say of this class of cases, therefore, is that 
girls are evidently far more commonly affected than boys, and, as it is 
very uncommon in quadrupeds, that it is probably largely a fault sub- 
sequent to the assumption of the upright attitude 

The type of patient wnth whom we are dealing, then, is a girl between 
the ages of 12 and 16 years, presenting a fixed, or structural scoliosis. 
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a deformity which cannot be corrected by a change of attitude, and 
in which the normal structure of a vertebra, or vertebrae, has already 
been altered We are dealing, therefore, with a condition of whose 
origin we are practically ignorant, and of whose course in a given case 
we are uncertain 

VARIOUS CORRECTIVE METHODS 

Since the time of Hippocrates, various methods of correction have 
been attempted exercises, and apparatus applied with the patient sus- 
pended, with the patient prone, with lateral traction, and with direct 
piessure on the ribs Dr Abbott, at length, introduced an important 
variation in that he worked on the principle that the spine was more 
easily rotated — untwisted — in the attitude of full flexion, when the 
articular processes were thus separated as far as possible Once the 
rotation was corrected the straightening of the lateral deformity would 
be easy He also emphasized the necessity of maintaining overcorrec- 
tion until accommodative changes in the spine had taken place In 
practice, at least m the experience at the Hospital for the Ruptured and 
Crippled, this did not prove as simple as it sounds The patient was 
often sacrificed to his curvature, and the secondary deformities, 
muscular atrophies and pressure sores resulting from the corrective 
jackets might leave the last state of the patient worse than the first 

The insuperable obstacle to efficient treatment of this deformity is 
that in any ambulatory treatment we are forced to attempt to straighten 
a tree by applying pressure to its branches There is another horti- 
cultural principle in the background a growing plant, such as a 
cucumber, introduced into a vessel, will in time, with the process of 
growth, adapt itself to the shape of the vessel In other words, applying 
straight plaster-of-Paris jackets to a growing body will m time induce 
the body to grow straight 

We are hampered by the fact that the deformity to the average 
patient does not present itself as a condition requiring surgical care 
and that its treatment must be confined within those limits to which the 
patient will consent In the majority of cases it must, therefore, be 
ambulatory 

In the cases in question, however, there has been one point favorable 
to the success of the treatment, namely, that the patients, between the 
ages of 12 and 19, came to the hospital voluntarily because they were 
concerned about their unsightly appearance, and therefore they did not 
have to be browbeaten or persuaded to undertake a treatment of con- 
siderable seventy 

As a reaction against the unpleasant secondary effects of the Abbott 
treatment. Dr Whitman suggested the application of plaster-of-Paris 
jackets with the patient suspended, and in full extension and rotation 
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Fig 2 —Patient suspended, heels just touching ground, showing preliminary 
felt padding and direction of pull of traction bands 
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This treatment has gradually been modified and the rotation largely 
given up The jacket is now applied with the patient suspended, in 
full extension, with traction, and pressure over the protruding ribs A 
large window is cut out over the hollow side, to encourage the expansion 
of the chest The high shoulder is included in the plaster to hold it 



pjg 3 — Preliminary padding, showing band pulling m oblique directio 
directly against convexity of ribs, also assuring hvperextension of spine 


down and the plaster earned as high as possible under the arm on the 
low side to throw the body m the reverse direction The patient 

Iwed to stand or s.t unsupported, even when the jackets are 

being changed 
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The full details of the application of this type of jacket are pre- 
sented in Dr Kleinberg’s aiticle^ One modification of the treatment 
he describes has been introduced I have had a third upright added to 
the frame m which the jackets are applied This bar moves from a 
fixed point midway between the other two and may thus be placed at 



Fig 5 — ^Jacket applied 

anv nomt on the circumference of a half circle By this means, the 
traction is made on a line directly antagonistic to the point o ^ 
curvature of the ribs It also aids considerably m assuring lyp 

extension of the spine 


1 Klemberg, S 


Scol.os.s, S»rg Gjnec & Obs. 32 364 (Apnl) 1921 
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Dr Lovett ® objects to suspension on the ground that no one attempts 
to straighten a bent stick by pulling on its ends, and that the greater the 
tension thus produced, the nioie ineffective must be any attempt at 
lateral bending On the other hand, no one would be condemned for 
trying to straighten the warped shaft of a golf club by hanging it up 
in a moist atmosphere with a weight on its end These considerations 
are more or less theoretical Practically, however, we have experienced 
an objection to the application of jackets m the prone position, in that 
they are likely to be exceedingly uncomfortable, and to necessitate the 
patient’s lying down at frequent intervals We consider the advantage 
of the present method to be that, up to the final stage, the treatment 
is entiiely ambulatory 



Fig 6 — Left, completed jacket, center, showing extent of fenestrum eleva- 
tion of low shoulder, complete obliteration of original convexity on the right 
side , right, side view 


Although theoretically, and in accordance with the experiments of 
Dr Lovett, the spine is perhaps locked m extension, clinically we have 
by this means succeeded m considerable correction of the curvatuie, as 
shown by the roentgen ray, and, what is more important, in great 
improvement of the external appearance of the trunk, the matter about 
which the patient herself is chiefly concerned One patient, coming from 
West Viigmia, and thus at a disadvantage as regards supervision, found 
the treatment exhausting, lost weight and was forced to abandon it 
The otheis have gone about their ordinary pursuits, and m most cases 
their general condition has noticeably improved The gam in height 
and the improvement in color and complexion have been striking The 

2 Lo\ett R W Lateral Currature of the Spine and Ro md Shoulders, 
Philadelphia P Blakiston’s Son & Co ISO? p 129 
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jackets are changed at intervals of two months There has been one 
small pressure sore, which did not necessitate the removal of the 
plaster 

The use of the corrective jackets is kept up, naturally, as long as 
correction of the curvature, as shown in the roentgenogram, is seen to 
be progressive In one case, of a long single curve, the condition has 
been fully corrected Here let me emphasize, however, that “fully 
corrected means simply that, according to the roentgenogram, the lateral 
curvature of the spine has been corrected Anatomically, I doubt 
whether the rotation has been at all afrected, except as it is influenced 



Fig 7 — The convex stretcher frame, with traction on the head and pelvis, 
used before and after operation 


by the extension, and I believe that the external improvement m the 
appearance of the trunk is due simply to the lengthening of the spine 
and to tlie pressure of the jacket on the more or less elastic ribs ® 
Usually, however, the typical right dorsal curve will improve up to a 
certain point, and there remain, further attempts at correction causing 
only exaggeration of the curves above and below it, which is useless and 
undesirable 

3 Dr Klemberg tells me that he has observed by the roentgen ray apparent 
complete correction of the rotation in two cases In both of these cases t ere 
was subsequent relapse 
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THE FUSION OPERATION 

One IS then faced with the pioblem of what to do next If a 
straight jacket, removable plaster corset, or a brace is applied, the 
patient will relapse to a greater oi less extent The correction of the 
spine can be maintained only by the jacket, applied in the deforming 
attitude, which is repugnant to the patient The prospect of wearing 



Fig 8— Left, back four months after operation, right, side view after 
operation 

apparatus for from two to four years, while the accommodative changes 
in the spine take place, is not alluring In seeking an exit from this 
situation, I became interested in the fusion operation on the spine, as 
performed by Dr Hibbs The method has also been resorted to by 
nature m cases of spinal caries 
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Theoretically, the argument for the operation would be this We 
may assume, except m the case of curvatures developing from perfectly 
well known causes, and in cases of long single curves, that there is 
originally a primary curve, in i espouse to which, in order to maintain 
the balance of the body, a secondary curve develops If we can, by 
any means, check the progress of the primary curve, the secondary 
curve should have no excuse for progressing Also, by providing a 
certain area of stiffness, one might facilitate muscular control, on the 
principle that it is easier to balance a stick than a rubber tube 

On the basis of this theory, then, the operation was proposed 
Curiously enough, the first patient was the sister of a girl who had been 



F]g 9 After operation, patient ben^fing forward to show the obliteration of 

the convexity of the ribs 

treated at the hospital by the Abbott method for foui years, absolutely 
without success, and had eventually developed the most extreme 
deformity She was, therefore, alive to the importance of her condition, 
and peculiarly intelligent as to the rationale of treatment It was 
explained to her that the operation was a new departure, at least at the 
Hospital for the Ruptured and Crippled (and I believe Dr Hibbs and 
Dr Forbes have confined themselves to cases of paralytic origin) an 
entirely experimental in character She was told that the spine having 
been corrected up to a certain point and the external symmetry of t le 
trunk practically restored, the operation was performed for the purpose 
of internal, rat’^er than external, splinting, to maintain the degree ot 
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correction In other words, it was a choice between operation and the 
wearing of a brace, jacket or corset for between three and four years 
The operation was performed in June, 1920 The patient was then 
placed in a plaster shell, and two weeks latei a corrective jacket was 
applied, which she wore home Unfortunately, the correction was a 
little too successful, m that, when the spine stiffened, it maintained the 
elevation of the previously low shoulder, although no such correction 
can be seen m the roentgenogram This, however, is not evident on 
casual inspection, and is of no importance Plaster jackets were worn 
for four months after the operation Since October, 1920, the patient 
has been without support The dorsal spine appears stiff , there has been 
no appreciable increase in the deformity, either externally or roentgen- 
ographically , the patient looks well, and is satisfied with the result 
Her influence has been strong in urging other patients to submit to 
operation 

Since July, 1920, I have operated on fifteen patients, and the routine 
of treatment and^the details of the operation have been varied It is 
now the practice, on^removal of the jackets, to place the patients on the 
convex stretcher frani^Nfpr a few days previous to the operation, to 
allow them to become accustomed to the frame, and to provide oppor- 
tunity for thorough cleansing ofrhe skin Following the operation, the 
patient is placed directly on the frame and there remains for two 
months As soon as the postoperative discomfort has subsided, traction 
is applied to the head and pelvis, gradually increased to as much as 
20 pounds (9 kg ) on the head aiyl 30 pounds (13 6 kg ) on the pelvis 
I do not feel that the traction i|/of any particular importance except as 
a means of assuring the iiupioliility of the patient The frame itself 
assures hyperextension olf the spine, the position in which residual 
deformity, if present, is J^ast evident, and encourages chest expansion , 
and the pressure of^t)^ body weight is of service in reducing the 
protrusion of the ribS We have also lately, both before and after 
operation, applied traction m an anterolateral direction against the con- 
vexity of the ribs in the manner employed during the application of the 
jackets This seems to be of real service in reducing the apparent 
deformity 

The operation is, as a rule, accompanied by considerable shock, 
depending a great deal, of course, on the time consumed in performing 
It This has varied from an hour to an hour and three-quarters The 
patient’s position places the anesthetist at a disadvantage In two cases, 
it has been necessary to remove the patient from the frame during the 
night following the operation One can think of no theoretical reason 
for this removal, but practically putting the patient in his accustomed 
environment — ^bed — seems to sooth and reassure There ha\e been no 
deaths and no infections 
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I have been surprised at the lack of pain following the operation 
I discovered one patient, on the eighth day, turned on her face, propped 
on her elbows and conversing with a visitor I was at first troubled by 
the amount of movement permitted on the fiame, but have lately solaced 
myself with the idea that, as asserted by the advocates of the treatment 
of fractures by traction and suspension, a certain amount of movement 
might tend to an exuberant callous formation It is my impression that 
the patients on the frames have stiffened more quickly than the ones 
who were placed at once m plaster 

The patient remains on the frame for two months, by which time 
stiffness of the area of operation seems established A short straight 
jacket IS then applied, to maintain the balance of the trunk, and to pre- 
vent the area of operation fiom being subjected to any strain, in the 
same way in which one would wish to protect a fractured femur for 
some time after bony union appeared firm This jacket is worn for 
about two months Some patients are then able to go without any 
support whatever In others, it will be found that the long period of 
external support and inactivity of the spinal muscles, usually about 
eighteen months, has so weakened the area untouched by operation that 
the patients suffer considerably from weakness and backache In such 
cases, we apply a brace or corset, and institute graduated exercises for 
the weakened muscles 

The operative technic has been gradually worked into a combination 
of the Hibbs and Forbes operations The periosteum is carefully 
removed, and a thorough attempt is made to destroy the intervertebral 
articulations, as in the Hibbs operation The laminae are then more 
roughly treated than in Dr Hibbs’ procedure, several sections of bone 
being pried up on each side The spinous processes are split horizontally 
and vertically, and bent upward and downward, providing very satis- 
factory interdigitation The ligaments are united with chromic gut I 
must say that the variations in the operative technic have been caused 
by the inward promptings of the operator who wished to perform as 
apparently thorough an operation as possible, rather than by any 
unsatisfactory results from either of the original technics 

CONCLUSIONS 

This treatment, it will be seen, develops as the result of a discourage- 
ment with all previous methods Its effect, by providing opportunities 
for observation on the exposed spine, has been more discouraging still 
I have found m backs in which, according to the roentgen-ray examina- 
tion, the lateral curvature was almost, or entirely, corrected, a surprising 
degree of rotation persisting A patient of 14 years, under treatment for 
more than a year, in whom the deformity had been noticed only a few 
days before admission to the hospital, had, at operation, a very marke 
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rotation and distortion of the vertebrae Force sufficient to fracture 
a spinous process has been applied on several occasions without having 
the slightest effect on the rotation, and that following removal of 
all the posterior ligaments of the spine, with the patient prone and 
anesthetized How, then, may we expect, anatomically, to correct 
deformity of the spine by any ambulatory treatment, and when all the 
force we are able to exert can be applied only to the ribs ^ It is con- 
ceivable that prolonged rest on the stretcher frame might correct the 
deformity, but I can conceive of no patient who would submit to such an 
indefinite prolongation of recumbency 

This experiment might be of interest in connection with the opera- 
tion proposed in January, 1894, by Dr Shaffer,^ who suggested 
operating m early cases, by severance of the costotransverse ligaments 
and any other opposing structures, then, by actual instrumental force 
applied to the transverse processes, reducing the malposition of the 
vertebrae, a procedure which he evidently considered analogous to a 
subluxation 

Neither can I agree with the conclusions presented by Dr Hoke,® 
who believed that by removal of a section of the ribs, first on one side 
and then on the other, he might more easily, by force, correct the 
malposition of the vertebrae According to his published case, he did 
succeed in improving the external appearance of the thorax, but whether 
any alteration in the position or structure of the vertebrae was accom- 
plished is doubtful This opinion is sustained by the fact that I can find 
no further reference to the operation since Dr Hoke’s original article 
appeared, in 1903 

I will not even say that I am sure that ankylosis has been obtained 
in every case I think it has, but the difficulties of judging of move- 
ments of the dorsal spine are so great that the presence or absence of 
motion must rest largely in the desire, subconscious or otherwise, of the 
examiner Sufficient stiffness, however, has been obtained to limit 
forward bending, and thus to conceal the protrusion of the ribs, the 
most objectionable feature of the deformity There has, so far, been 
no increase in the deformity, either as shown by roentgen-ray examina- 
tion, or in the estimation of the patient One may mention also that 
there can be no class of cases in which the opinion of the patient is of 
more value The patients apply for treatment because they are con- 
cerned about their unsightly appearance, and there can thus be no keener 
critics of the cosmetic effect It is unfortunate that neither necropsy 
nor second operation has provided opportunity actually to inspect the 
result 


4 Shaffer A.m Med -Surg Bull , Jan 1, 1894, p 51 , Feb IS 1894, p 236 

5 Hoke Am J Orthop Surg 1 169, 1903 



592 


ARCHIVES OF SURGERY 


Judgriient of the existence of ankylosis by the roentgen ray is unsatis- 
factory and misleading A good lateral picture will sometimes show 
the continuous bridge of bone formed by the fractured spinous processes, 
but anteroposteiiorly one sees nothing except obliteration of the facets 
of the articular processes and slight obscuring of the intervertebral 
disks Naturally, one would not expect them to be altogether invisible, 
as no bony deposit could be as thick as the vertebral body 

A discouraging feature of the deformity is the fact that the side of 
the chest on which the ribs project is already the narrow side, and 
that pressing on the ribs to reduce obvious deformity makes the chest 
narrower still This is a disadvantage which is somewhat alleviated by 
the frame treatment, in which the chest has every opportunity to expand 
The three years’ work in the treatment of rotary lateral curvature of 
idiopathic origin has thus resulted m a curious mixture of optimism 
and pessimism I am convinced that the anatomic cure of the deformity 
by any means hitherto devised is impossible A certain proportion of 
fairly well advanced cases, particularly of long single curvatures, may 
be markedly improved in external appearance, and their curvatures, as 
revealed roentgenographically, much reduced by the type of jacket we 
are now applying It seems that the degree of improvement thus 
acquired might be maintained by some type of fusion operation m the 
area assumed to be that of the primary curve The objection may be 
advanced that the cases are too recent to be judged as end-results, 
but, on the other hand, the patients have practically all attained full 
growth, so that future development cannot have much influence on their 
course, and surely one would expect that, if the deformity were to 
progress, its progression would be most rapid immediately following the 
removal of the jacket, in the period when the security of the fixation is 
most doubtful and general weakness and muscular atrophy are most 
extreme 

The treatment is not one which will ever be applied to a large class 
of patients It is somewhat exhausting to both patient and surgeon It 
requires of the patient to an extraordinary degree the development of 
the “will to get well,” and of confidence m the person conducting the 
treatment It requires of the surgeon the knowledge, primarily, of what 
cases are susceptible of improvement by the treatment, the skill and 
experience necessary for the application of the corrective jackets, the 
persistence to apply them personally during long periods, and, finally, 
the acquisition of the rather difficult technic of the operation 

I am not in sympathy with the attitude of surgeons who publish 
reports of most difficult operative procedures, the results often of years 
of specialized efiort on their part, and convey the impression to the 
casual reader that the reading of the article fully equips one for t le 
performance of the operation Such writers would privately admit t lat 
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such an impression was conveyed for the purpose of flattering the 
intelligence of their readers, but it seems surprising that they should 
esteem an audience of such implied intelligence worthy of the pains 
It is to be hoped that no wave of enthusiasm will develop for the 
“operative treatment of scoliosis ” It must be emphasized that the opera- 
tion IS the final step m a tedious process of correction, and that in 
prmcip’e it offers little that is new, unless it be the principle of balance 
on which It IS performed It must not be urged on the patient In fact, 
throughout this kind of treatment, it is essential that the patients them- 
selves be desirous of treatment Such severe measures as are necessary 
cannot and should not be forced on an unwilling child For an ortho- 
pedic surgeon to mention psychology will doubtless be provocative of 
more or less indulgent mirth, but none the less it is the most important 
factor in any form of treatment for scoliosis The surgeon may labor 
with the body of a patient as much as he pleases, and obtain a 
physically good result, but unless he can persuade the mind that to stand 
up straight is desirable, his work will be a failure There is no spine 
so crooked that its appearance cannot be improved by effort on the 
part of its owner , and, conversely, there is none so straight, artificially 
or otherwise, that it cannot by slouching be made to simulate deformity 
One IS continually impressed by the futility of many conventional 
forms of treatment Of what use are exercises for scoliosis if the 
patient slouches to and from the gymnasium Of what use are exercises 
in the treatment of weak feet if the patient walks with his toes turned 
out? After all, the business of any mechanism is to function, and the 
function that is important is that involved m the ordinary occupations 
The purpose of the foot is to make walking possible, not to be educated 
muscularly before a mirror This factor, the mental control of a patient, 
is the essential one in any treatment involving anything except the 
giving of pills Even pill giving, a regimen of comparative simplicity, 
ma}^ be a failure without the supervision of a third person 

No one regrets more than I the absence of the original photographs 
and roentgenograms of so many of the patients I can only ask those 
who are acquainted with the trials of work extending over long periods 
of time to remember the facility with which roentgenograms and 
photographic plates are broken and lost As no extraordinary claims are 
made, perhaps the absence of these important records is not of so great 
importance as it otherwise might be Photographs may be easily dis- 
paraged as records in any case, as we all know how shadows and focal 
lengths may be manipulated to the advantage, or disadvantage, of the 
record I requested the roentgen-ray department to make the photo- 
graphs in standard poses and at the same focal distance, but was not 
present when an^ of them were taken Trivial as some of the original 
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deformities may thus appear, to the patients their appearance was 
sufficiently repugnant to make them submit to months of plaster, opera- 
tion, and, finally, two months on a stretcher frame 

It has been suggested by some casual observers of these patients 
that none but mild cases have been selected for operation This is not 
altogether true, but there is foundation for the suggestion As has 
already been stated, the operation is only the final step in the course of 
a long process of correction The patients were not selected with a 
view to their being operated on, but because it was thought when they 
first presented themselves that their curvatures were susceptible of 
improvement by corrective jackets 

In this series there is one case of extreme deformity in which 
operation was performed in the hope that the stiffening of the spine 
would relieve the pain and act as a substitute for apparatus Unfortu- 
nately, this IS the only one in which the end-result is not known Four 
of the fifteen cases are too recent to report The detailed report of 
eleven cases follows Notes other than those made by me are followed 
by the name of the physician supplying them 

REPORT OF CASES 

Case 1 — Htstoiy — M M , aged 14, schoolgirl, was admitted to the outpatient 
department of the hospital, April 29, 1920, with a history of measles, varicella, 
mumps, pertussis and influenza The parents and brothers were healthy The 
chief complaint was lateral curvature of the spine, of possibly three months’ 
duration The scoliosis was first observed by the school nurse about three 
months previously It was noticed that the patient walked and sat with the 
right shoulder elevated, and was unable to throw her shoulders backward On 
examination, the lateral curvature was found Roentgen-ray examination was 
made, April 6, 1920 The rectal temperature was 994 F A throat culture was 
taken (B L Schoolfield) 

Physical Examination — May 1 (Dr Whitman) The patient was in fair 
condition She presented a moderate double curvature of the spine, most 
marked to the right in the dorsal region There was compensatory deformity 
with but little rotation m the lumbar region Instructions were given that a 
roentgenogram and photograph be taken and a corrective jacket applied 

Treatment —May 11 For the past forty-eight hours, the patient had been on 
a frame with 5 pounds (22 kg) traction on each leg, and 10 pounds (44 kg) 
on the head The dorsolumbar curve and the very marked rigidity of the spine 
had almost disappeared, but there was now evident a very sharp, practically 
right angled, curve to the right between the second and fourth dorsal vertebrae 
A roentgenogram embracing the seventh cervical to the fifth dorsal vertebra was 
made The only discomfort caused by the treatment was redness and soreness 
under the chin, a difficulty which may be obviated by the use of a little extra 

padding i, n nr 

May 13 The head sling had been applied in a new manner by Dr au 

One strap now passed over the forehead, the other behind the ears and was 

attached under the occiput The patient was comfortable with the strapping 

applied in this manner 
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May 18 The second roentgenogram revealed a very marked wedging of the 
third dorsal vertebra and malformation of the second and third ribs on the 
right side m the nature of an articulation between the two, about 1 inch 
(2 5 cm ) distal to the point of articulation with the vertebrae It was suggested 
that this malformation might be responsible for the curvature But a week 
later Dr Whitman stated that, in his opinion, the malformation of the ribs had 
nothing to do with the patient’s curvature 

May 27 The deformity of the spine had decreased 

Opoation — June 5 (Dr A Whitman, assistant. Dr Purdy) An incision 
was made from the seventh cervical to the sixth dorsal vertebra, and the usual 
procedure of the Hibbs operation carried out Considerable difficulty was 



Fig 10 (Case 1) — Left, before operation, right, after operation 


experienced with oozing At the level of the fourth dorsal vertebra on the 
right side, a pm point perforation of the pleura occurred The muscle was at 
once allowed to fall over it When the packing was removed ten minutes later, 
in order to finish the operation, there was no escape of air No shock was 
noticed from this accident The ligamentum nuchae was united wuth continuous 
plain gut The skin was closed in the usual manner and a Calot jacket, w'hich 
had been applied preriously and cut off, was reapplied 

4ftc>-Ticattiiciif — June 17 The patient had a rise in temperature of 2 
degrees following the operation, but no pam. Fne pounds (2 2 kg) traction on 
the head and 19 pounds (8 6 kg) on the legs was applied about two dajs after 
the operation There was no discomfort 
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June 17 (p m ) On removal of the shell, the wound was cleanly healed 
With extension on the head and feet, the patient was suspended in bed by two 
bands of felt passed beneath the shoulders and hips and the Calot jacket was 
applied A roentgenogram was made 

July 8 A second Calot jacket had been applied, Jul> 6 The external 
appearance of the child’s trunk was very good except for a slight prominence of 



Fig 11 (Case 1) —Before operation All the cases are right dorsal curves 
with the exception of Case 3 


the ribs on the right side The spine in the region of operation appeared to be 
^'"jdy^S^The patient was discharged improved, and wearing a Calot jacket, 

reentered ^ rk^S 

September 11 The Calot jacket was removed There Tthe region of 
of the muscles of the back and i -rascapular region The spine 
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operation appeared perfectly stiff Dr Whitman and Dr Klemberg concurred in 
this opinion Instructions were given that the child was to he in bed and 
have gentle massage of the back muscles A roentgenogram was made 

September 18 The roentgen ray revealed marked indistinctness of the 
intervertebral disks in the region of operation The field of operation still 



Fig 12 (Case 1) — After operation 


appeared perfectly stiff The patient was discharged, with instructions to return 
in two weeks (October 2) for obseriation 

She was improved, and on discharge was without apparatus or plaster 
SiibKCQiicjtt Course — October 9 The child had been at home three weeks, 
going to school She la^ down during the noon hour, and took no evercise 
in the gimnasium She was perfectlj comfortable and the spinal muscles had 
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greatly increased m size and tone since the last report No movement wa. 
discovered in the area of operation A roentgenogram and photo^h .ere 

March 17 (Dr Whitman) As far as could be made out, the spme was rigid 

level Th^ ° operation The hips were of equal prominence, the shouldts 

curve tl thp"l'"fr I ^ of the right scapula and a compensatorj 

curve to the left m the lumbar region It was the opinion of the patient the 

supervising nurse and the family that the deformity had not increased since 
operation A roentgenogram and photograph were taken 

defonnhy^’ condition There was no increase of 



Fig 13 (Case 2) — After operation 


Case 2— JTis/oiy— I P, girl, aged 14 years, had two brothers living and 
well , one sister with lateral curvature Two brothers died in infancy cause 
of death being unknown The mother had had no miscarriages, and there was 
no tuberculosis in the family The chief complaint of the patient was rotary 
lateral curvature, of fifteen months’ duration It was first noticed when the 
patient was being fitted for a dress, the summer of the preceding year, that the 
left hip was more prominent than the other, and the right shoulder was the 
higher No angulation was noticed at this time There had been no known 
poliomyelitis The curvature was slight, right dorsal, when first noticed t 
had progressed, and the preceding summer, angulation was first seen e 
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patient had been under the care of Dr Klemberg since the onset, taking 
exercises, but no cast was applied The only symptoms were fatigue on slight 
exertion and severe pain m the region of the right scapula, not radiating 
Physical Examination — Nov 1,1919 (Dr Whitman) The patient was m good 
condition, rather fat and heavy She presented a marked fixed rotary lateral 
curvature involving the dorsal and lumbar vertebrae from about the seventh to 
the third There was a slight compensatory curve above 



Fig 14 (Case 2) — Before operation 


November 1 (Dr Klemberg) The patient was a \\ell built girl, presenting 
a right dorsolumbar scoliosis with a slight left lumbar compensatory inclination 
The dorsal curve extended from the sixth dorsal to about the second lumbar 
vertebra The shoulders were about on a level The spine from the sixth 
dorsal to the second lumbar lertebra had a forward cur\e in contradiction of 
the often seen kyphoscoliosis There was a backward displacement of the ribs 
on the right side, wuth the most prominent part of the deformity opposite to, or 
on the angle of, the scapula On the left side, there was a moderate hollow 
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The left “hip” was more prominent than the right There was a moderate 
degree of rigidity The anterior view of the chest was prominent on the left 

The right side of the chest was flat The anterior superior spines were on 
a level 

A roentgenogram made on October 25 revealed a moderate right dorsolumbar 
curve extending from about the fourth dorsal to the second lumbar vertebra, 
with the apex of the curve between the ninth and tenth dorsal vertebrae There 
was increased separation of the ribs on the right and slight approximation of the 
ribs on the left side The ribs on the left side were practically horizontal 
instead of inclined downward as in a normal person 

Rcadmtssion — November 6 After several days at home, the patient reentered 
the hospital to have the plaster-of-Paris jacket applied It was intended to 
have the patient in suspension, in the erect posture, with the left shoulder 
elevated and the nght pulled backward 

Tieotiiieiit— -November 7 An attempt ivas made to apply a Kleinberg jacket, 
but when the procedure was half finished the patient became hysterical and 
finally fainted The plaster was removed and she was returned to the ward to 
await another attempt (T A Wilbs) 

November 11 A corrective plaster jacket was applied by Drs Kleinberg 
and Armitage Whitman The patient had several fainting spells during the 
process and vomited freely (T A Willis) 

Second Rcadimssiou — ^July 16 The patient had worn a plaster-of-Paris 
jacket since it had been applied in the outpatient department Her condition 
had steadily improved under this treatment She entered the hospital for an 
operation to maintain correction of the deformity (Dr Schwartz) 

July 17 From the general appearance, the girl was in good condition There 
was no discharge from the ears and nose The pupils reacted to light The 
lymph nodes, cervical, axillary, epitrochlear and inguinal, were not palpable 
The knee-jerks were equal The examination of heart, lungs and abdomen was 
prevented by a jacket extending from shoulders to pelvis (Dr Schwartz) 


Opctation — ^July 20 (Dr A Whitman) An incision was made from the third 
to the eleventh dorsal vertebra over the spinous processes There was at least 
one-half inch (13 mm ) of subcutaneous fat The tissues over the tips of the 
spinous processes were incised, and the periosteum split and stripped away from 
the spinous processes with a periosteal elevator Interrupted double catgut 
sutures were then taken about one-half inch (13 mm) lateral to the midline, 
between the spinous processes and slightly overlapping each other, with the idea 


of controlling the hemorrhage that usually follows division of the interspinous 
ligaments The tissues were then divided and the periosteum stripped back 
from the laminae and for a distance of about one-quarter inch (6 mm ) outward 
on the transverse processes The fifth, sixth and seventh dorsal vertebrae were 
found rotated through an arc of about 45 degrees With a curved chisel, slivers 
of bone were removed from the transverse processes to make a continuous 
bridge between the vertebrae after the articular processes had been gouged out 
with a curet The spinous processes were then partially fractured at their bases 
and overlapped, shingle fashion, so that the tip of the upper processes came in 
contact with the fractured base of the one below The vertebrae frorn t e 
third to the eleventh dorsal were thus treated The operation was i cu 
because of the thickness of the muscles and the resultant depth at which it was 
necessary to work The ligaments were united with interrupted 
sutures, the subcutaneous tissue wuth continuous plain gut, the skin wit P 
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gut The amount of hemorrhage was slight compared to that encountered in 
previous operations A posterior plaster shell was applied The duration of the 
operation was one and a half hours 

July 22 Following the operation, the patient complained of pain in the 
upper dorsal region 



Fig 15 (Case 2) — After operation 


Afiit-TtLatmtni — Juh 29 On the se^enth daj following operation, an 
attempt was made to applv a jacket with the patient suspended She suffered 
what has been \arioush diagnosed as hjstena or sjneope, with \ery rapid 
pulse cold clamnn skin, and iinoluntarj moaements On this occasion, the 
attempt had to be gnen up The patient’s great weight and nenous disposition 
made it practicalh impossible to apph a jacket in a horizontal position Instruc- 
tions were gnen that she remain m bed m a posterior shell 
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August 12 A jacket was applied, including both shoulders The patient 
suffered an hysterical attack 

August 19 The plaster had slipped up, so that the shoulder straps were of 
no use The patient was allowed to sit up Roentgen-ray examination showed 
the disappearance of intervertebral disks from the third to the eleventh verte- 
brae and there was slight indistinctness of outline, as of bony proliferation 

September 23 The patient was discharged, improved, wearing a plaster 
jacket She was instructed to report for further treatment (V W Purdy) 

Thud Rcadimssion — October 19 The patient was readmitted to the outpatient 
department 

October 21 The external appearance of the trunk was normal A roent- 
genogram taken October 20 showed an apparent fusion of the spine from the 
third to the eleventh dorsal vertebra The intervertebral spaces were stih 
visible, although the mass of the fused area was evidently denser in the mid- 
dorsal than in the upper and lower extremities 

On examination, no movement could be made out m the dorsal spine Both 
forward and lateral bending were very much restricted This opinion was con- 
curred in by Dr Kleinberg A roentgenogram was taken with the patient in 
the upright position and she was allowed to sit up for gradually increased 
periods each day 

November 4 The patient was discharged, wearing a plain plaster jacket 
She was in good condition (Dr Nicola) 

December 16 The plaster-of-Pans jacket was removed, and the patient 
was instructed to return in a week A roentgenogram and photograph were 
taken 


Outcome — December 23 The patient had been without the cast for a week 
There was no increase in deformity There was apparently no anteroposterior 
mobility in the region of operation The question of lateral mobility was 
doubtful The patient was well satisfied with the result She was instructed 
to report in two weeks 

March 5, 1921 A roentgenogram taken January 21, when compared with that 
taken Dec 16, 1920, showed no change in the deformity There was a consid- 
erable increase in the density of the area of operation No trace of the inter- 
vertebral disks was now seen between the fourth and tenth dorsal vertebrae 
The appearance was of a solid bony mass 

July 23 The condition was very satisfactory The spine appeared stiff and 
there was no increase in the deformity The left shoulder was much higher 

July 26 A roentgenogram taken July 23 revealed no increase in the deformity 
It offered also interesting testimony as to the fallibility of roentgen-ray evi- 
dence, as the roentgenogram taken May 14 appeared to show much greater 
density in the fused area Four different observers thought the last plate was 
the first 

April 25, 1922 The condition was unchanged 

Case 3— Hisfoiy— O P, girl, aged 12 years, entered the hospital Julv 6, 
1920, with a clinical diagnosis of right lateral curvature She had a history o 
measles, scarlet fever and whooping cough Her parents and the other cii ren 
were alive and well The chief complaint was spinal deformity ot eie 


years’ duration . f^ver 

A physician called eleven years previously to treat the patient 
recognized the spinal deformity The treatment recoinmended " 

and a n„lk d..t Two years prev,o„sly, a phys,c,a„ ca led ><> 
for adenoids recommended a plaster corset for the spinal conditio 
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wore a plaster-of-Paris corset extending from the pelvis to the sixth rib for 
SIX months After removal of the plaster, the child was permitted to go four 
months without apparatus and then a leather corset extending from pelvis to 
hip was worn for six months, night and day The condition had grown worse 
under this treatment The corset was discarded because it caused pain The 
child walked into the hospital without apparatus She entered because of 
steadily increasing discomfort which she referred to the region of the left 
shoulder (Dr Schwartz) 

Examination — July 8 The child was m good condition She presented a 
most extreme rotary lateral curvature of the spine to the right in the cervical 
region, to the left in the middorsal, and again to the right in the lower dorsal 



Fig 16 (Case 3) — Before operation 


The head was earned forward practically to the limit of its capacity There 
was extreme projection of both scapulae, and the razor back type of deformity 
of the ribs on the left side The curie was rigid There was a slight secondary 
deformitj of the chest, and flattening of the upper part of the right chest below 
the claMcle, and prominence of the lower ribs on the left The distance from 
the right anterior superior spine to the tip of the right internal malleolus was 
29J/ , the distance from the left anterior superior spine to the tip of the left 
internal malleolus was 29'/. 

The child had a peculiar liuski, brass\ \oice A. laringeal examination was 
made to ascertain whether there was pressure on the recurrent lar^ngeal ner\e, 
and a roentgenogram and photograph were taken Instructions were gnen that 
the patient be kept m bed on a frame with traction on the head and pehis 
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The patient’s deformity had been slightJy, if at a!I. improved by 


July 27 

treatment 

lor wear,„g a brace l”h f chm^ ““«'V 

0/>ercr/ion~(September 16, Dr A Whitman 1 An 

.he ap.„oas procasea of the vertebrae froo, the fira, to the la ZaT^^tera 



Fig 17 (Case 3) — After operation 


The tissues over each spinous process were nicked Double plain gut sutures 
were then taken 1 inch (2 5 cm ) lateral to the spinous processes, including the 
tissues between the processes, and tied This was done on both sides for the 
purpose of decreasing subsequent hemorrhage The mterspinous ligaments 
were then divided and the periosteum scraped back from the spinous processes 
and laminae This was accomplished with great difficulty at both ends of the 
wound, owing to the forward bowing of the spine and the great amount of 
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rotation The vertebrae were very much distorted, the laminae on the left 
side being between one-quarter and one-half inch (6 and 12 mm ) in width, 
and those on the right side scarcely more than one-eighth inch (3 mm ) in 
width The laminae were gouged with chisel but the exact Hibbs technic 
could not be carried out because of the depth at which the laminae lay The 
spinous processes were then partially fractured and overlapped. The periosteum 
and ligaments were united with kangaroo, the subcutaneous tissues with con- 
tinuous plain gut, and the skin with plain gut The time of operation was one 
and a half hours The patient was then replaced on the frame and traction 
immediately applied 

September 30 The wound had healed The patient was able to turn over 
on the frame without discomfort She stated that since the operation she had 
been conscious of less muscular tension drawing her head forward, and was 
able to move the head and neck with more freedom A Calot jacket was applied 
with traction across the shoulders in an anteroposterior direction, with the aim 
of further reducing the protrusion of the left shoulder The external appear- 
ance had been very much improved The patient was photographed in the 
Calot jacket 

October 7 The patient was discharged, wearing a Calot jacket, and in good 
condition She was instructed to return December 2 (Dr Nicola) 

October 7 The father said that the child seemed somewhat straighter and 
taller than before the operation Her general condition was much improved 
Her color and the general tone of the skin were now quite normal 

Readimssion — November 9 The patient had been in a Calot jacket since 
her discharge two months before She had been very comfortable She 
returned for roentgen-ray examination and further treatment The jacket was 
removed 

November 11 There was a very marked improvement in the child’s external 
appearance Her shoulders were apparently level, the prominence of the left 
shoulder was reduced about one half There was apparently stiffness of the 
spine A roentgenogram showed that the original curve had been improved 
almost 50 per cent There was a cloudiness of the shadows of the vertebral 
bodies, and obliteration of the intravertebral disks, in the operative region, 
giMiig an appearance of fusion The Calot jacket was applied Under other 
circumstances, felt pads would have been introduced in attempting to correct 
further the prominent scapula, but as the patient Ined at a distance and could 
not afford to remain m the hospital, this was not done She was discharged, to 
return in a month for a change of jacket 

Second Readimssion — December 14 The patient again entered the out- 
patient department for obserration 

December 16 The plaster jacket was removed The improved appearance of 
the trunk noted at the preiious readmission had been maintained There was 
apparent stiffness of the operatne region The patient was placed on a frame 
Roentgen-raA examination was ordered 

The patient was discharged wearing a Tailor brace with a chin cup, as her 
father objected to a Calot jacket She stated that since the operation she had 
been entirelv reheied of the pain for which it was primarily performed 

Oct 20 1921 The patient had not been heard from since she left the 
hospital -Ml attempts to get in touch with her failed 

CiSF 4 — Histot\ — \ B girl, aged 13i4 rears, entered the outpatient depart- 
ment Oct 1 1^20 with a clinical diagnosis of rotarj lateral currature of the 
spine She had had pneumonia at 4 rears The father and mother were hr ing 
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and wen, as were two sisters One brother died of pneumonia at the age of 
6 months The chief complaint was curvature of the spine, first noticed in 
t e summer of 1919, the child complaining first of tired back The mother 
observed a slight curvature, which continued to grow worse The patient came 
to the dime m February, 1920, and a plaster jacket was applied She had worn 
t e jackets for seven months, with frequent changes of plaster After seven 
months, she was given a straight jacket which she still wore She did not 



Fig 18 (Case 4) — Left, Calot jacket, right, after operation 


complain of any pain at the present t me She entered the hospital for an 
operation for deformity (Wyant) 

E\ammation — October 2 The patient had been under treatment m the out- 
patient department since February 10 She had originally a sharp cur\e to 
the right in the dorsal region, extending from the second to the twe 
dorsal vertebra with apex at the eighth dorsal There was marked we gmg 
of the vertebrae and narrowing of the ribs The patient wore 
jackets until August, with slight improvement The curve was so lug i an 
sharp that further corrective treatment promised little if any benefit, 
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straight jacket was applied The patient’s family was to return to Italy in the 
course of the next year, where treatment would almost surely be abandoned 
For this reason, they have determined to submit to an operation 

Measurements were waist, 25 inches (62 S cm ) , chest, below breasts, 28 
inches (70 cm ) , height, in bare feet, 65% inches (164 cm ) 



■im 



Fig 19 (Case 4) — Before operation 


October 4 The patient nas placed on a frame, with traction of 20 pounds 
(9 kg) on the feet and 8 pounds (36 kg) on the head 
October 9 The deformit\ was shghth lmpro^ed 

Opci atiou October 22 \v\ incision was made oier the spinous processes 

from the second dorsal to the first lumbar \ ertebra The tissue o\ er each 
spinous process was then incised The periosteum was duided o\er the tip 
and stripped downward This was accompanied In \en little bleeding Oxer- 
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lapped sutures were then taken about one-half inch (13 rrm ) lateral to the 
spinous processes, all the way down on either side to prevent hemorrhage during 
the subsequent procedure The interspmous ligament was then divided, the 
tissues and periosteum stripped away from the transverse processes and 
laminae The articular processes were curetted With a V-shaped carving 
chisel, small slices of bone were removed from the laminae and arranged to 
interdigitate with the one above as accurately as possible The spinous process 
was then half fractured at its base and bent downward so that the tip articulated 



Fig 20 (Case 4) —After operation 


,,.e fractured processes of the tertebra ^.ow TJ., Td.' 

frotn .be second dorsal to ent.rel, 

vertebrae ^^as comparative y s ig muscular and ligamentous tissues 

effective until the bones were sutures the superficial tissues with plain 

were united with ® TShol dressing, sheet wadding and 

and .be sb.n wdb No P.a^ ^ AJ" on^lbe stre.cber fra^e 

»b.ra,.o„'tvas one boor and .bree-,«ar.ers 
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October 28 For five days following the operation, the patient suffered a 
great deal of pain and discomfort, particularly in the back, and pain on attempts 
to raise the arms Following free action of castor oil (October 27), she felt 
much better and requested the immediate application of the plaster jacket 

November 8 The patient was brought to the plaster room and the dressing 
was removed The wound had united by first intention, but there was a small 
area of necrosis of the skin in the lower portion, apparently from pressure 
This was dressed and the patient turned on her face for twelve hours out of 
twentj-four, the traction in the meantime being kept up 

Nor ember 9 The area above mentioned rvas much decreased in size A 
Calot jacket was applied with a window cut out to allow for dressing the 
wound A roentgenogram taken after the application of the plaster revealed little 
if any change either m regard to improvement of the curve or of new bone 
formation 

November 15 The patient rvas discharged, in good condition, to return 
at stated intervals for observation She rvas rvearing a Calot jacket 

Rcadmisswu — Feb 8, 1921 The patient had been reporting for observation 
She had had no pain or discomfort She returned to have the jacket removed 
While in the hospital, the patient developed influenzal pneumonia 

March 1 The mother insisted on removing the child from the hospital 
She rvas discharged, leaving the hospital against my advice and the advice of 
others, rvith a temperature of 103 F 

Outcome — April 2 The patient had been at home ill rvith pneumonia Her 
general condition rvas very poor Forrvard bending of the spine seemed to be 
almost entirely restricted, as rvas shorvn in tracing There rvas, horvever, 
undoubtedly some motion of the lorver portion of the area of operation The 
patient and family expressed themselves as much pleased, and rvere quite 
satisfied rvith the result so far The patient rvas instructed to return for 
observation 

August 18 With her clothes on, the patient shorved no deformitv rvhatever 
With the shoulders back, the back appeared flat, although there rvas considerable 
protuberance of the ribs on forrvard bending The patient rvas completely 
satisfied rvith her appearance She had been rvithout support since October 
klav 1, 1922 The patient’s condition continued satisfactorj’- 
Crsr 5 — Histoiv — M L girl, aged 15 rears, entered the outpatient depart- 
ment, Jan 14, 1920, rrith a clinical diagnosis of rotarj lateral currature of 
the spine, of about one year s duration She had had the diseases of childhood 
The familr history rras negative The patient had alrrays been rrell About 
one year preriouslr the parents obserrcd that the right scapula rras more 
prominent than the left She rras taken to Dr Lessea, rrho adrised a risit 
to the Hospital for Ruptured and Crippled The patient rras brought to the 
outpatient department rrhere she rras giren a jacket, rrhich she had had changed 
crerr trro months She had nerer had am pain or inconr enience from the 
jacket She entered the hospital for correction of the deformitr and operation 
When examined April 17 1920, the patient rras in good condition, though of 
rather pale, pastr, complexion She stood in the usual slouchr attitude, chest 
fiat and head forrrard She presented a rotarr lateral currature of the spine 
to the right in the dorsal region, rrith a slight compensatorr curre in the 
lumbar region The major curre extended from the third to the eighth dorsal 
rertebra There rras rrell marked rotation of the ribs, causing a prominence 
of the right scapula risible through the clothing The currature rras fixed 
\ correctire jacket rras ajiphed 
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CoiHuicnt January 20 Since the last tuo jackets, no further correction 
of the primary curve had been obtained, ail the change taking place above 
and below and causing exaggerated elevation of the shoulder, which seemed 
useless and unnecessari!}' disfiguring The effect of corrective treatment having 
thus come to a standstill, operation was determined on, to maintain the correc- 
tion already gained and to enable the patient sooner to dispense with the 
apparatus On removal of the jacket, with the patient lying on her face, there 
was evident a slight curve to the right in the dorsal region, with a very slight 
prominence of the ribs The general aspect of the trunk was symmetrical 
Opciaiwti — Jan 20, 1921 A 7-inch (17 5 cm) incision was made in the mid- 
Ime directly over the spinous processes Typical Hibbs procedure as described 
in previous similar operations was earned out from the third to the twelfth 
dorsal ^ertebra The exposure was verv satisfactory so that the technic could 



Fig 21 (Case 5) — Left, before operation, right, after operation 


be minutely followed The vertebrae at the center of the deformity uere found 
rotated through an arc of about 45 degrees There was very little structural 
change affecting the width of the laminae The time of the operation was about 
one and a half hours The patient’s condition was satisfactory 

AHc}-T}catment —When the patient returned from the operating room, 
an electric heater was placed below the frame and the frame and bed were 
draped with blankets She had considerable pain requiring about one-fourt 
trrain f00162 am) of morphin toward morning 

Tanoara The pat.ent ,vas pale, ,«,.h eyes sv.dely d.la.ed She compl.med 
of sesere pa.n » the back and d.d not ,v,sh to move the arms 

(S KTe"T.i;« 

The pa,„ ,n the back r.as 

te^rshsit The pat,. nt conM talk barely above a rvh.sper 
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Jiiunrv 26 (Dr iMcol 0 1 lie lliioil « is conpcstcd , (lie hi\n\ norm il 

except for sliglil congestion of tl’c cords 1 litre Ind liccn recent bleeding 
from the ngbt insil p^ss^ges Plnstologie solution of sodium clilorid \\arm 
was used to cleanse ibc nose, three tunes a da\ 

Fchruarv 5 The patient e\as turned on the face and the dressings remosed 
The wonnl had closed In lirsl intention Iwo or three hktdtng points caused 



Fig 22 (Case 5) — Before operation 


remo\al of the adhesive plaster, but the skin as a whole was very much irritated 
The skin was cleansed with benzin, powdered, and dr; dressings applied 
Weights attached to the pelvic band (February 4) were increased to 20 pounds 
(9 kg) 

February 27 The patient was comfortable The temperature had continued 
normal for four weeks There was 10 pounds (4 5 kg ) traction on the head and 
20 pounds (9 kg) on the pelvis (Dr Bost) 



612 


ARCHIVES OF SURGERY 


March 5 The back was apparently very much flattened since the operation 
There was apparently comparatively firm ankylosis of the vertebrae operated on, 
resisting all movements 

March 19 The spine was apparently fixed throughout the area of operation 
The patient was discharged, to return for observation A photograph was taken 



Fig 23 (Fig 5) —After operation 


April 16 The patient’s habitual posture was very bad She made no attempt 

to stand straight A roentgenogram was made 

May 2 The patient was wearing a corset, which was appro\ed 
still unable to stand straight She was instructed to return in two weeks 
Tune 21 The external appearance was unchanged The patient was sa i 
J TJLZII and 6, /not .h,«k was progress.ng Tha toentpanogsan, 
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ns compnrcd with tint tnkui \pni 19 racilcd i \crv distinct increase in dcnsit> 
in the area of operation There was no progress of the cur\c 

Jvd\ 23 The outcome of the operation itself appeared satisfactorj The 
patients posture was as execrable as c\er She was kept on the frame because 
the irritated condition of the skin made it madiisahlc to apph a jacket It 
appeared howc\cr, that the spine had stiffened much more rapidU on the frame 
than in the eases m which the patients were placed in plaster 

Mas la, 1922 The patients general posture was, possihh, shghtlj improved 
There was no change in the spine 

C\si 6 — //iWoM — \ P girl, aged 17 scars, entered the outpatient depart- 
ment Jan 6 1920 ssith a cluneal diagnosis of rotars lateral cursaturc of the 



Fig 24 (Case 6) — Left, before operation, right, after operation 


spine She had had measles at the age of 3 years Her father, aged 45, 
mother 42, tsvo brothers and one sister svere living and svell There svas 
no history of tuberculosis, cancer, nephritis or diabetes The chief complaint 
svas spinal curvature, of tsvo years’ duration The patient complained of a 
sveak back, from svliich she had suffered for one year It svas gradually 
becoming svorse She had round shoulders and tired readilj 

Cvanwiahon —At the present time, the patient had no pain She had not 
been ill at the onset As she stood, the shoulders svere approximately level 
Prominence of the tip of the scapulae svas noticeable on both sides There svas 
rotary lateral curvature of the spine to the right m the dorsal and slightly to the 
left in the lumbar region, and considerable rotation of the ribs The deformity 
svas rigid 
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November 9 Plaster jackets had been applied at two-month intervals A 
roentgenogram taken September 2 showed a marked o\ ercorrection at the upper 
and lower extremities of the spine, the original middle curve being almost, but 
not quite, corrected As the overcorreclion in the tipper dorsal region rvas 
somewhat undesirable and entirely due to the elevation of the shoulder, the 
jacket applied October 30 did not include the shoulder The roentgenogram 



Fig 25 (Case 6) —Before operation 


shced .h. .pme m sl,gh% be.t.r pos.Uon >1’' 

Tally the trunk appeared symmetrical although the original dorsal 

entirely corrected 

oC'-r-ApriHs (Dr A Whitman^ XttoWe'Lvellt^^Ce- 
ta^mrure^hrc^rafvred byThttm. the spinous processes transversely 
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nncl \erticnllv, and spicading llic four pa>ts up\said and downward overlapping 
as much as possible with the fragments of the one Iielow' Ihc attichmeiit of 
the spinous processes to the M^rlchral aich w is not broken The tissues were 
closed with interrupted kangaroo, and No 1 plain gut for the skin 

There was slight lateral dc\nlion of the spine, hut not more than 20 degrees 
rotation 



Fig 26 (Case 6) — After operation 


Outcome —April 26 The patient had had very little pam following the 
operation She now complained of precordial distress 

April 28 The patient was comfortable Traction was applied 
May S The wound was closed by first intention There was slight redness 
over the lower end of the scar, and it was also somewdiat tender to pressure 
The back was clean 
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June 12 Beginning June 1, the patient had turned on the face, and voluntarily 
extended the spine ten times each day, for the purpose of producing exuberant 
callus in the area of operation The motion had caused her no pain 

June 18 The area of operation appeared stiE, and a low plaster jacket was 
applied for the purpose of steadying the lumbar region during the process of 
muscular recovery 

June 20 The patient was discharged, wearing the plaster jacket, to return 
for observation (Dr Wyant) 

August 21 The jacket was removed The patient was cautioned to be down 
at frequent intervals, and warned that she would have pain and weakness in 
the back 

August 28 The patient complained of sev’ere pain in the back and a continual 
tired feeling 

September 1 The pain in the back had been completely relieved by the 
application of an ordinary corset 

October 22 The patient had been wearing a corset since the last report 
She took no interest in the maintenance of a proper posture and walked about 
ev^ery where with the typical fashionable droop In spite of this, the deformity 
of the spine had not progressed, and the external appearance was satisfactory 

April 22, 1922 The patient continued to affect the debutante slouch and 
habitually carried the left shoulder high There was, however, apparently no 
change m the spine 

Casp 7 — Htstoi V — E A , woman, aged 19, a milliner, entered the outpatient 
department, May 16, 1920, with a clinical diagnosis of rotary lateral curvature 
of the spine She had had measles at 10 years Her father, aged 52, mother, 
48, one brother and two sisters were living and well Two brothers died in 
infancj Her chief complaint was curvature of the spine, of thirteen months’ 
duration She had been well until thirteen months previously At that time, 
she began to have pain in the right shoulder and arm, and she noticed that 
her right shoulder was higher than her left This continued for one month 
She came to the outpatient department. May 23, 1920 A plaster-of-Paris jacket 
was applied and she had had a new one put on every two months since (Dr 
Robert E Burns) 

Mav 17 After the treatment of the past year, the spine seemed practically 
corrected The patient was admitted to the hospital for operation to maintain 
the correction 

Examination — The patient was in good condition Externally, the trunk 
was somewhat as>mmetrical, as is showm in the tracing There was marked 
flattening of the nbs on the right side from the pressure of the jacket The 
spine was apparently straight There were v^ery evident flexion and extension 
taking place m the dorsal spine as was shown in the tracing taken with the 
patient prone on the frame, and when she lifted herself in the air The first 
roentgenogram taken through the plaster, Mav 27, 1920, showed a slight curve 
to the right in the dorsal region The roentgenogram taken through the plaster, 
Feb 24, 1921, showed the spine practically straight 

Ofreiation—May 17, 1921 (Dr A Whitman assistants. Dr Bost, Dr Wyant 
and Dr Burns) The usual Hibbs operation was performed from the second to 
the eleventh dorsal vertebra Considerable rotation of the vertebrae was present 
more than would have been supposed from the roentgen-ray or physical e\am- 
ination The exposure was unusuallv good, and the procedure ver 3 thorougii 
The usual technic was varied by splitting the spinous processes vertical^ ana 
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again lion 7 ontall>, and tlicn spreading the fragments in the four directions 
This appeared to gne tnnisiialh good hoin contact Tlie time of operation 
was one hour and twcnt\ minutes The pleura on the left side was penetrated 
bj an artcr\ clamp in tiie iiands of an assistant The perforation was immecli- 
ateh closed In allowing the muscle to fall o\cr it 

OutcouiL — Maj 22 The chest was evammed antenorh It was resonant, 
and there was scsicular breathing Xo friction rub was telt or heard There 
were no rales (Collens) 

Ma\ 24 The patient’s coinalcscence had been iinc\cntfnl, except that she 
had complained of occasional pain The dressings were rcmo\cd The wound 
was closed b\ first intention Tlicrc were signs of pressure at the lower extrem- 
it\ of the wound 



Fig 27 (Case 7) — Left, before operation, right, after operation 


June 24 A. roentgen-ra> examination of the spine throughout the area of 
operation repealed an apparent complete fusion, in that the intervertebral spaces 
were scarcely visible 

June 26 A confirmatory roentgen-ray examination failed to reveal any 
fusion whatever 

July 13 The spine appeared stiff in the area of operation A low plaster 
jacket holding the lumbar region m position was applied A roentgenogram of 
the region of operation was taken 

Jul> 15 A roentgenogram showed no change The patient was discharged, 
wearing a plaster jacket, to return for observation 

August 9 The patient was comfortable The jacket was ni good condition 
There was no alteration in the external aspect of the trunk 
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September 27 The patient was now wearing an ordinary corset and suf?ercd 
occasional weakness and discomfort in the lumbar region, and m the arms 
She felt, however, that she was steadily improving The external appearance 
of the trunk was symmetrical There was apparently, complete rigidity of the 
area of operation 

May 1, 1922 The patient’s general and local condition was excellent 



Fig 28 (Case 7) —After operation 


Case 8-Histoiy-M C, girl, aged 16 years, was admitted to the o^tpatien 
department with a clinical diagnosis of rotary lateral curvature of the spine 
She had had measles and whooping cough at 2 years Her fat 
mother U, one brother and two sisters were living and well 0 
i,ed ol pneumoim at 27 monlhs, and one s.ster of spjna 
months The chief complaint was curvature of the spine, 
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cIl ration Two Ncars prcMoiislv, the patient’s mother noticed that she had a 
spinal curAatiire Nothing was done about it for one jear Tlic trouble became 
worse during the inter\al and, April 15 1920, she presented herself at the hos- 
pital for treatment She was put in a cast Except for changes e\er\ two 
months, she had worn it contmuoush since E\cr\ two months, she had had 
a roentgenogram taken at the tunc the cast was changed The condition had 
!mpro%cd, but in order to pre\cnt a recurrence, she entered the hospital to ha\e 
an operation to fix — "stiffen ’ — tiie spine Wlicn examined \pril 13, 1920, the 
patient was in fair condition She presented a rotar\ lateral cursaturc of the 
spine to the right in the dorsal region There was extreme prominence of the 



Fig 29 (Case 8) — Left, before operation, right, after operation 


ribs on the right side, amounting to raror back deformity, with corresponding 
concavitj of the ribs on the left The spine apparently was completely rigid 
A roentgen-raj examination was made and photograph taken 

April 2, 1921 No improvement was made between the application of the last 
and next to the last jacket The patient was therefore admitted for treatment 
on a frame with traction, as a preliminary to operation The external appearance 
of the trunk was one of almost complete symmetry There was still slight 
prominence of the lower ribs on the right side There was a slight cursature 
palpable to the right in the dorsal region 

Operatton April 6 (Dr A Whitman) The usual Hibbs operation was 
performed, from the second to the twelfth dorsal vertebra The bleeding was 
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entirely controlled by packing No ligatures were tied There was very slight 
lateral deviation of the spine, but considerable rotation, to about 25 degrees 
The experiment was tried of correcting the rotation by pressure on the spinous 
processes, which proved quite impossible One could barely move the vertebra, 
which immediately returned to its original position The ligamentum nuchae 



Fig 50 (Case 8) —Before operation 


was sutured with kangaroo, the subcutaneous tissues sutured with plain gut, the 

skin with 0 plain gut which was 

The patient had a copious bowel movement during 

noted in case infection might develop , 

.9 0„ o. ;pj«pe,a.- 

the blood count, the patient was dressed on the XI,, eon- 

“ntpletely healed, and there was no stgn of soperfiaal infection 
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^^lesccncc, except for the ^a^^tlons m temperature, had been extraordinarily 
smooth The patient Ind not complained of pain since the first twent 3 -four 
hours All dressings were remo\cd Traction was reapplied on the fourth day 
The patient now had 20 pounds (9 kg ) traction on the w-aist and 5 pounds 
(2 3 kg) on the head The appearance of the back was satisfactory 



Fig 31 (Case 8) — ^After operation 


April 28 The patient was turned on the face and there seemed to be some 
lateral fixation 

May 17 The patient was removed from the frame and was taken to the 
plaster room to have a corset applied She was to return for another week on 
the frame, but she preferred a jacket to a corset On this account, she was 
allowed to sit up (May 19) 

Outcome — (Dr Dost) May 20, she was discharged, improved 
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July 21 The spine was apparently stiff The patient was satisfied that the 
deformity had not progressed She wished to wear the plaster through the 
summer A roentgenogram was taken 

October 20 The patient had worn a plaster corset at her own request 
throughout the summer It was now removed and an ordinary whalebone 
corset substituted The patient was instructed to return to the gymnasium at 
regular intervals for exercises There was great atrophy of the lumbar muscles, 
but apparently no increase in deformity 

December 28 There was still considerable atrophy of the lumbar muscles 
Exercises were advisable, but apparentlv impossible There had been no change 
in the deformity of the spine 

Mav 18, 1922 The patient had been taking exercises The general condi- 
tion and appearance were excellent 

C\sr 9 — HtstO)y — L S, bov, aged 12 years, entered the outpatient depart- 
ment, Dec 11, 1919, with a clinical diagnosis of lateral curvature of the spine 



Fig 32 (Case 9) —Left, before operation right, after operation 


He had had whooping cough when 2 months old, measles at 4 years, and 
typhoid fever at 6 He was very sick with typhoid fever for three months 
Following this, he had hemorrhages, which subsided after the removal of his 
tonsils The family history was negative The chief complaint was ciina- 
ture of the spine, of 1 year and 8 months' duration Two years previously 
(October 1917), the patient had fallen from a horse, landing on the cement 
floor of a barn, breaking the left forearm It ivas following this that the 
curvature of the spine was noticed Aside from massage and manipulation, 
nothing had been done to correct this condition (V W Purdy) 

Fraiinimfioii-December 13 (Dr Whitman) The boy was in good condi- 
tion He stood with the trunk displaced toward the right side, and tee 
pelvis very prominent There was marked fixed general rotary, latera cmva- 
Ce mvoLng the ent.re dorsal region up to about the s.Mh vertebra There 
was marked deformity of the ribs and a fair degree of flexibility 
December 13 A corrective jacket was applied 
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December 16 (Dr Kleinbcrg) A rocntgcnogrim taken Dec 13, 1919, follow- 
ing the application of a correctnc jacket, showed aerj marked reduction of the 
dorsal ciir\e 

Rcadvn^sioii — March 16, 1920 The patient had been ill since leaving the 
hospital, for about one week, fne weeks before The physician said that he had 
purpura hemorrhagica Nothing had been done for his orthopedic condition 



Fig 33 (Case 9) — Before operation 


since his discharge The old plaster was now removed and replaced with a 
new one (B L Schoolfield) 

March 17 The patient was discharged wearing the plaster jacket (B W 
Moffat) 

Comment — April 2 The last jacket, applied four months ago, did not include 
the right shoulder, as there appeared to be too much exaggeration of the curve 



archives of surgery 

above the original deformity A corrective jacket was applied elevating the 
left shoulder and depressing the right On removal of the last jacket, there 
was no apparent curvature of the spine There vvas very slight prominence of 
the ribs on the right side, and a mild curvature to the right extending from the 
fourth to the twelfth dorsal vertebra The external appearance of the trunk 
was excellent 



Fig 34 (Case 9) —After operation 


Second Rcadniission — July 12 (Dr Whitman) Since the last report, the 
boy had been under continuous treatment by jackets He now returned for 
operation The extreme deformity of the spine was almost corrected, as shown 
bv the tracings 

Opeiafion—Jnly 20, 1921 (Dr A Whitman, assistant, Dr Wvant) A fusion 
operation extending from the third dorsal through the first lumbar verte ra was 
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performed The exposure was unusually good, and for the first time I felt 
certain that I had destro^cd the articulations between the vertebrae The 
spinous processes w'ere split m four parts \ertically and horizontally, two were 
turned up, and tw'O down, so that the intcrdigitation was very satisfactory The 
ligaments were sutured with kangaroo and chromic gut The skin was closed 
with catgut An alcohol dressing was applied The time of operation was one 
hour 

Aftci-Ti calviciit and Outcome — ^July 26 The dressing w'as changed, the 
wound was clean, a dry dressing was applied (R E Burns) 

July 30 (Dr ^^^ntman) After the operation, the patient complained of 
pain in the left shoulder Maiii of these patients complained of pain in the 
shoulder, although the line of incision w'as not opposite the shoulder 

August 4 The patient was very comfortable, except for occasional pains in 
the left shoulder which were not very seiere (Dr Sneed) 

The w'ound w’as dressed It w’as entirely healed (R E Burns) 

September 3 The spine w'as stiffening The external deformity of the ribs 
W'as somew'hat improied 

September IS The w'ound w'as entirely healed The patient was removed 
from the frame and a plaster jacket applied, shoulders not included (Dr Wyant) 
The patient was discharged w'eanng a low plaster jacket to support the 
lumbar region 

November 20 The plaster corset was removed and a canvas reinforced 
corset reapplied There were atrophy of the lumbar muscles and some stiffness 
in the lumbar region Massage and exercises were prescribed 

December 20 The patient reported bv letter that his improvement continued 
^pnl 22, 1922 There w'as no progress of the deformity The general con- 
dition W'as excellent 

C\SE 10 — Histoiv — C kl , girl, aged 16 j'ears, entered the outpatient depart- 
ment July 22, 1921, with a clinical diagnosis of rotary lateral curvature of 
the spine Her general health was excellent She had had the usual diseases 
of childhood Her mother died of pneumonia at the age of 48 The history 
of the father was unknown There w'as no history of cancer, tuberculosis or 
heart disease The chief complaint w'as curvature of the spine, of two and 
a half years’ duration Nothing unusual was noted about the child until she 
was 12)4 years of age, when an aunt noticed that the right shoulder drooped 
It was thought that the carrying of school books caused it The child w'as 
brought to the hospital and a plaster cast was applied She had worn it 
constantly for two years, and now came in for operation (Dr Wagner) 

Physical Evammation — ^The child was in fair condition, very pale, flat 
chested and evidently considerably under weight She presented a well marked 
rotary, lateral curvature of the spine to the right in the dorsal region, with 
a slight compensatory curve to the left in the lumbar region The right 
shoulder was high, the left hip prominent There was considerable rotation of 
the ribs, and prominence of the scapulae A roentgenogram and photograph 
were taken, and corrective jackets prescribed 

Since July, 1919, the patient had been under treatment in the outpatient 
department, corrective jackets being applied at intervals of two months She 
had, apparently, now reached the maximum correction and was sent to the hos- 
pital for operation 

Operation — July 26, 1921 (Dr A Whitman, assistant. Dr Wyant) The 
fusion operation w'as performed from the third dorsal to the tw'elfth dorsal ver- 
tebra There was very slight rotation of the spine and no lateral deviation The 
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spinous processes were split horizontally and vertically, and then pried upward 
and downward, giving a very satisfactory interdigitation It was also thought 
that the intervertebral articulations were effectually curetted The ligaments 
were sutured with chromic gut, the subcutaneous tissues with plain gut, the 
skin with horse-hair The time of operation was one and one-half hours 

Outcome — ^July 28 There was bleeding through the dressing the night 
following the operation The general condition was excellent The patient 
suffered very little pain 

August 2 The wound was clean The stitches were removed and dry dress- 
ing applied 



Fig 35 (Case 10) —After operation 


August 23 A roentgenogram showed for the first time, m the series of 
cases, apparent destruction of the articular processes 

September 3 The external appearance of the patient’s back was satisfactory 
and there was evident beginning stiffness in the operative area 

September 24 The patient was removed from the frame and a plaster 

jacket applied , 

September 26 The patient was discharged wearing a plaster-of-Faris jaci^er, 

to return for observation m one week (Dr Wyant) 

December 20 The plaster corset was removed and an ordinary rein orce 
corset substituted The patient was instructed to take exercises for the lumbar 
muscles and gradually to discard all apparatus 

April 22, 1922 The condition continued to be satisfactorv 



WHITMAN— STRUCTURAL SCOLIOSIS 


Cll 


CASn U —IIistoiy—B K, schoolgirl, aged 12 years, entered the outpatient 
department, Aug 5, 1920, \\ith a clinical diagnosis of rotarj lateral curvature 
of the spine Her general health was extremely good She had had the usual 
diseases of childhood, no pneumonia nor tjphoid Her mother, aged 59, and 
father, SO \\ere alne and well There was no historv of cancer, tuberculosis. 


“v ; 

<• t 





Fig 36 (Case 10) — After operation 


or heart disease The chief complaint was curvature of the spine, of one 
year’s duration When the child was 11 years old, the mother noticed that 
the right shoulder and the right side of the back were more prominent than 
the left She was sent to the outpatient department and had been treated 
continuously with plaster jackets She complained oi no pain and came m 
for operation (Dr Wagner) 
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Physical Exaimnattoit —The. child was m good condition, and stood very 
erect She presented a lateral currafure of the spine to the right, a long, single 
curve extending throughout practically the entire length The spine was flexible, 
but the curve could not be entirely corrected The left hip was exceedingly 
prominent There was comparatively slight rotation The case seemed especially 
favorable for corrective treatment A roentgenogram and photograph were 
taken 

August 3 The corrective jackets had been applied at two-month inter\als 
According to the roentgenogram, the curvature of the spine was now com- 
pletely corrected This correction, however, had been obtained at the cost of 
considerable flattening of the right chest The patient entered the hospital for 
operation to assure the maintenance of the correction 

T/ca fill cut— August 6 The jacket was retained until the frame could be 

made (Dr Wyant) 



Fig 37 (Case 11) —Left, before operation, right, after operation 


August 12 The patient was placed on the frame with 5 pounds (2 3 kg ) 
traction on the head and 10 pounds (46 kg) on each leg, as a preliminary to 
operation 

Opoa/ion—Aug 16, 1921 The operation extended from the third to the 
twelfth dorsal vertebra There was no lateral deformity but there was about 
45 degrees of rotation m the middorsal region, with corresponding distortion 
of the laminae and transverse processes The usual technic was came ou 
with thoroughness, great attention being paid to the attempt at destruc ion 
the articular processes The spinous processes were split honzonta y 
vertically, and turned upward and downward, mterdigitatmg in a '^rv s 
factory manner The ligaments were closed with chromic gut, t e su cu 
tissue with plain gut, and the skin with horse-hair The time of oper i 
one hour and ten minutes 
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August 19 The patient recovered from the operation very satisfactorily 
She was now on a conve\ frame continuously but no traction was applied as 
yet She complained of very little pain 

August 21 The wound uas in excellent condition There was no swelling or 
redness, and no tender areas There was a slight rise in temperature, but no 
discomfort (Dr L Wagner) 



Fig 38 (Case 11) — After operation 


August 25 The dressing was changed and the stitches were removed from 
both wounds, which had healed by first intention (R E Burns) 

September 3 On the patient’s eighth day she was discovered turned on her 
face, propped on her elbow, conversing with her sister This fact is noted as 
indicative of lack of postoperative pain 

September 9 The weights on each side of the pelvis were increased to 10 
pounds (46 kg ) The weight on the head had also been increased to 10 pounds 
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The patient complained of no discomfort Right angled splints were applied to 
each foot (Dr Wagner) 

October 18 The patient was removed from the convex frame and a low 
straight plaster jacket was applied She complained of no discomfort (Dr 
Wagner) 

December 27 The plaster corset was removed and an ordinary corset sub- 
stituted The patient was instructed to have massage and exercises for the 
lumbar muscles Her general appearance was excellent 

May 1, 1922 The patient’s condition has continued to be satisfactory 

SUMMARY 

1 Given a structural scoliosis of unknown origin in the case of an 
adolescent who applies for treatment because of progressive deformity, 
the piognosis as to the arrest of deformity is uncertain 

2 A certain number of such conditions may be held m check by 
apparatus and exercises, provided the patients at all times take a personal 
interest in their posture 

3 The onl}^ means of improving the actual deformity and the 
external appearance of the trunk is by apparatus embodying at least 
some of the principles outlined in the description of the corrective 
jacket 

4 The maximum degree of improvement having been obtained, the 
spine must be held corrected for a period of years while accommodative 
changes in the vertebrae take place 

5 This maintenance of correction can be effected only by a corrective 
jacket, recumbency, or operation 

6 As a climax to the corrective treatment, and as postoperative 
fixation, recumbency on the convex stretcher frame has proved effective 
in still further reducing the deformity of the ribs, and in allowing full 
opportunity for chest expansion 

7 While the amount of actual anatomic correction of the deformity 
of the vertebrae is exceedingly doubtful, the improvement in the 
patients’ external appearance seems to have been maintained by the 
operation It has also greatly abbreviated the period of their con- 
valescence 

8 The older the patient, the more rapid the ankylosis 


283 Lexington Avenue 



THE OPERATIVE TREATMENT OF SCOLIOSIS + 

SAMUEL KLEINBERG, MD 
\r\v \ouk 

The pioblem of the complete correction or cure of structural 
scoliosis IS still unsolved Thus far tieatment has been directed toward, 
and necessaiily limited to, i educing the curvature, improving the 
appearance of the back and maintaining that improvement There are 
various methods of treatment whereby improvement may be obtained 
in a large percentage of cases, but there is no known method which 
assures permanent results To make sure that the correction will be 
lasting, we have been compelled to prolong tbe treatment over a period 
of from five to ten years If a patient, after having undergone cor- 
rective treatment for several years, has retained the improvement and 
has shown no signs of relapse during an additional period of two or 
three years, we feel warranted in believing that the deformity will not 
increase We can, however, at no time feel positive about this, for we 
all see cases become worse when treatment is interrupted, and some- 
times even while corrective treatment is m progress The deformity 
may even remain stationary for a number of years and then become 
more severe I have seen scoliotic deformity increase during adult 
life While, therefore, it is true that some cases remain mild and 
stationary, with or without treatment, the fact remains that in many 
patients the deformity does become severe and that in any given 
instance we are unable to prognosticate the course or state with any 
assurance that the deformity has reached its greatest development 
Some more certain method must, therefore, be found whereby a 
given spinal curvature can be fixed, so to speak, so that it will not 
increase Such a method might then be applied m the earliest stages 
of the deformity and the many very severe curvatures of the paralytic, 
rachitic and razor-back variety might be prevented 

Dr Hibbs,^ encouraged by the results of his fusion operation m 
Pott’s disease, reasoned that this operation ought to give satisfactory 
results in scoliosis He has operated, we are told, in many cases, and 
believes that fusion of a part of the spine in scoliosis ^/lll prevent 
further increase of deformity Dr A Mackenzie Forbes ^ also believes 
that fusion of the vertebrae will arrest the course of the deformity 

Read before the Orthopedic Section of the New York Academy of Medi- 
cine, April 21, 1922 

1 Hibbs, R A Treatment of Deformities of the Spine Caused by Polio- 
myelitis, J A M A 69 787 (Sept ) 1917 

2 Forbes, AM J Orthop Surg 2 357 (June) 1920 
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He uses a somewhat diffeient techmc from that employed by Hibbs 
I he principle, however, is the same Both Hibbs and Forbes aim to 
o tain osseous fusion of the posterior arches of a number of vertebrae 
usually from eight to twelve, m the belief that a solid spinal column 
will have less tendency to rotary lateral deformity than a segmented 
one Whether this is true, time and experience alone will teach us 
but the hypothesis is reasonable and this treatment deserves an 
extensive trial 



Fig 1 — Right dorsal scoliosis, showing line of incision extending from 
second dorsal vertebra to dorsolmnbar junction 


Believing that the operative treatment has much to recommend it, 
and that it may actually afford an opportunity of arresting the progress 
of scoliotic deformity, I adopted it about two years ago In my 
earliest cases I used the Hibbs fusion operation ® I found, however, 
that I did not always obtain complete bony ankylosis This appeared to 
be due to the fact that I had operated in very severe cases in which, 
on account of the extreme deformity of the vertebrae and ribs, it was 
practically impossible to carry out all of the steps of the Hibbs fusion 

3 Humphries, R E The Operative Treatment of Scoliosis, Tr Sec 
Orthop Surg, A M A, 1921, p 58 
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technic I, therefore, decided to supplement the Hibbs fusion by the 
use of a beef bone graft I chose a heterogenous graft for two 
leasons First, 'its use would not prolong the operation as would the 
leinoial of a giaft from the patient’s tibia, second, it could be pre- 
pared of the desired length and thickness and with the necessary curve, 
which may not be possible with the autogenous graft 

At the Flospital for Ruptured and Crippled, fusion of the spine 
in scoliosis forms but a part of a system of treatment which not only 
IS believed to be satisfactor)'', but which also is likely to displace the 
older jacket and brace methods This treatment may be divided into 
the preoperative, operative and postoperative phases 

PRCOPERATIVC TREATMENT 

From 111 )'^ experience ■* in the last few years with the use of sus- 
pension in the application of corrective jackets, I know that improve- 
ment results from fixation of the trunk, with the spine in extension or 
hyperextension The projection of the nbs is reduced , the deformity 
becomes less conspicuous , the appearance of the back is improved, and 
there is an opportunity for proper expansion of the chest It was, 
therefore, suggested by Dr Royal Whitman ® that the patient be placed 
on a frame for a short time so that some improvement might take 
place before fusion of the spine is undertaken This procedure has 
proved unusually profitable to the patient, and now forms an exceed- 
ingly important part of our treatment It has gradually been modified 
and extended so that the developed routine is as follows A convex 
frame is placed on the bed, extending between, and resting on, the 
head and foot pieces The highest part of the arch is at about the 
mid-dorsal region, with two sections of the curve forming an angle 
of about 160 degrees The patient lies on the frame continuously 
Traction is applied to the head by means of a Sayre halter, and to the 
trunk by a pelvic belt with weights suspended from cords running 
over pulleys at the foot of the bed At first the patient lies on the 
frame for several days without any pull to permit her to become 
accustomed to the position It is rather surprising how rapidly this 
occurs, so that eating, sleeping and resting are very comfortable After 
a few days a pull of a few pounds is applied, and as the patient becomes 
accustomed to it, the weights are increased The weight on the head 
varies between 5 and 10 pounds (2 3 and 4 5 kg), and that on each 
side of the pelvis is somewhat greater When there is much antero- 
posterior or lateral deformity, a Balkan frame is set up, and forward 
or lateral traction is used m addition All traction is removed during 

4 Kleinberg, Samuel Surg, Gynec K. Obst 32 364 (April) 1921 

5 Whitman, Royal J Orthop Surg 3 330 (July) 1921 
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extended posture i educe the curvature Within from four to eight 
weeks, a degree of improvement is seen which would not be attained 
in less than six, or more, months by the method of corrective plaster- 
of-Paris jackets I am convinced that the maximum degree of improve- 
ment in a given case can be obtained in from one to two months by 



A 

Fig 3 — A, the Hibbs operation performed from the third to the tenth dorsal 
vertebra The spinous processes (a) have been split and turned down, the tip 
of one being in contact with the base of the spinous process below, b, pieces 
of bone elevated from laminae and laid across the interlaminar spaces, c, articu- 
lation between articular processes scarified , d, tips of transverse processes, and 
e, spinal muscles B, manner in which spinous processes are split and turned 
down (a ) , small sections of bone elevated from laminae and turned down to 
bridge the space between adjacent laminae (6') 

the application of traction in the recumbent position on a convex frame 
It has been my experience that there is a certain degree of potential 
improvement in every case This degree varies m different subjects. 
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but when reached it seems impossible to progress beyond it A given 
patient, for instance, is treated with corrective jackets A marked 
change is seen in the first jacket, some further improvement is obtained 
in succeeding jackets Finally, at the end of a year or more, no further 
change occurs no matter how much the treatment is prolonged, that is, 
the maximum degree of improvement for that case has been reached 



F,g 4 -Beef Lone graft inserted dorsal'' vertebrae, 

graft held between split spinotis processes eleventh and twelfth dorsal 
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frame would be of no advantage if at the end of the brief period of 
recumbency and traction the patient were permitted to get up without 
any further support, for relapse would occur immediately The frame 
treatment is of value only as a preliminary step to some means of 
fixation of the spine Operative fusion of the spine appears at present 
to be the most effective and most desirable method of fixation 

PREPARATION FOR OPERATION 

As aseptic healing is particularly desirable, unusual precautions to 
avoid infection are taken in the preparation of both the patient’s 
back and the graft to be used A beef bone graft, cut to the desirable 
shape and thickness, is boiled for several hours and placed m a closed 
vessel with ether Just before the operation it is again boiled for half 
an hour Transverse nicks are made m the graft m the belief that 
these will facilitate vascularization All traction and massage are dis- 
continued three days before operation On the first of these three 
days, the patient’s back is shaved if necessary and scrubbed thoroughly 
with soap and water, dried, and a voluminous sterile dressing applied 
On the second day, the back is again scrubbed with soap and water 
and covered with a sterile dressing On the morning of the third day, 
or the day of operation, assuming that the patient is to be operated on 
in the afternoon, the back is painted with one-half strength (3 5 per 
cent ) tincture of lodm and a sterile dressing is put on If the patient 
IS to be operated on in the morning, the coat of lodin is used the night 
before All of these details may perhaps be unnecessary, but they seem 
advisable, and inasmuch as I hare not yet had an infection in a case 
of spinal fusion, I believe that these procedures have contributed some 
share, at least, to the satisfactory aseptic healing 

OPERATION 

The operation, as I have performed it, combines the technic of the 
Hibbs and Albee methods It includes most of the vertebrae of a simple 
curve and all of the vertebrae of the dorsal segment of a compound 
curve The dorsal is the most favorable site for operation This is 
so because the vertebrae are more easily reached m this region and 
because the elimination of motion here is of less consequence than m 
any other part of the back An incision of the desired length is made 
through the skin and subcutaneous tissue Following the method of 
Hibbs, the periosteum and overling muscles are e’evated from the 
spinous to the tips of the transrerse processes, that is, the posterior 
arches of the vertebrae are thoroughly denuded and exposed This 
part of the operation should be performed as nearly as possible sub- 
periosteally, for troublesome hemorrhage is thus avoided The joints 
of the articular processes are then scarified or destroyed Chips of 
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bone are chiseled away from the laminae and placed across the inter- 
laminar spaces The spinous processes are split at their bases and 
turned down so that the tip of the spinous process above fits into the 
space at the base of the spinous process below At times I have split 
the spinous processes into several horizontal sections which have been 
spread out into a fanhke mass (Forbes’ method) When this part of 



Fig 5-Sp.nous processes split according to the 

rrlotrwT manner splitting 

spmous processes according to the Forbes technic 
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what less in thickness, with a curve that corresponds to, but is not so 
marked as, the curvature of the spine, is laid m the vvound, being 
placed on the laminae and transverse processes on the concave side of 
the curve, with the extremities of the graft embedded between the 
segments of the split spinous processes The graft is thus brought into 
contact with a large mass of bleeding bone consisting of the transverse 
processes, laminae and spinous processes When the spinous processes 
are split into several sections, I place them on top of the graft They 
serve to hold the graft down and bring more of its surface in contact 



Fig 6 — A.rrangement of bed and convex frame used in the treatment of 
scoliosis at the Hospital for Ruptured and Crippled 


With living bone The periosteum and muscles are sewed with inter- 
rupted kangaroo sutures The subcutaneous tissue and skin are closed 
with separate layers of catgut A dressing is applied and a warm sterile 
flannel jacket is put on and the patient returned to bed 

RATIOKALC OF THE OPERATION 

Experience has shoivn that it is very difficult and often absolutely 
impossible, as well as dangerous, in the sezeie cases of scoliosis com- 
pletely and thorousfhly to denude the posterior arches of the vertebrae 
of periosteum , that is it is not possible to perform the typical Hibbs 
operation I have therefore used a stout bone graft with two objects 
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m view First, as a strong mechanical support extending between the 
ends of the curve, the graft will prevent increase of the curvature 
during the healing and consolidation Second, as in the course of time 
this huge mass of bone is absorbed, it will be replaced by new bone 
so that there will be in the region of the curvature a very large and 
solid mass of bone (greater perhaps than results from the simple Hibbs 
fusion) which will join the vertebrae, prevent increase of deformity 


\ 


7 -Roentgenogram of bov (S P) with paralytic structural scoliosis, 
taken, May 22, 1921, a few days before he was placed on the frame 

and thus be instrumental in arresting the progress of the deformity 
Whether the hoped-for result will be obtained remains to be proved 



POSTOPERATIVE CARE 

The operation, involving as it does rather rough handling of the 
vertebrae pulling, pushing, scraping, chiseling, hammering some bleed- 
an^anesthesia of not less than an hour, and usually nearer an 
kiur and a half, is accompanied practically always by some sio.x 
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The patient is, therefore, put back to bed and not on the frame 
When extra heat is necessary, it is supplied by means of therapeutic 
lamps and portable baking machines This simple, but very helpful, 
procedure was suggested by Armitage Whitman Extra blankets are 
supplied and, if necessar}^ medication It usually takes three or four 
days before the patient begins to feel comfortable and the pulse returns 
to the preoperative normal 



fig 8— Patient (S P ) treated on frame until Julj^ 19, 1921, when he was 
operated on Ihis roentgenogram was taken, Sept 22, 1921, wide le was st 11 
on the frame and show's reduction of cur\e of spine and graft m place The 
impro\ement in the appearance of the back is greater than the apparent reduc- 
tion of the curvature of the spine 

\\'hen the patient has complete!} recotered from the immediate 
effects of the operation, that is, in a week or ten days, she is replaced 
on the frame Traction is applied so that the maximum degree of 
impro\ement of the back is retained while consolidation and bone for- 
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mation are taking place It is hoped then that the union or fusion of 
the veitebrae will take place with the spine in the most favorable and 
least curved or deformed condition This usually means a postoperative 
period of treatment of not less than eight weeks Duiing this time, 
the patient leceives massage and exercises of the limbs 

At the end of this peiiod, we have found that the patient is usually 
able to stand up and retain the improvement Fearing, however that 



Fig 9 — Case (M J ) of idiopathic structural scoliosis, July 21, 1921, treated 
by corrective exercises for one year Deformity growing worse 

the union may not be sufficiently solid, additional support in the form 
of a light, well-fitting plaster jacket is continued for several months 
The entire treatment lasts between six and nine months, and I 
believe that in this comparatively short period tlie same results may be 
accomplished as were formerly obtained by the corrective jacket method 
in several years, and with the likelihood that there will not be any 

relapse 




KLEIJ^ BERG— SCOLIOSIS 


643 


Although the operation does not remove those particular factors 
(whatever they are) which are responsib’e for the rotation and devia- 
tion of the vertebrae, and although it is appreciated that a solid spinal 
column may, like a single long bone, such as the tibia or femur, become 
deformed, yet it seems reasonable to believe and we are encouraged m 
this belief by our recent experience that when from eight to twelve 
vertebrae are fused into a solid mass, there will be little, or less, 
tendency toward increase of deformity 

RESULTS OF TREATMEXT 

Our experience with tne system of treatment outlined has not 
extended over a sufficiently long period, nor does it include a large 
enough series of cases, to permit absolutely positive conclusions, but 
the results have been highly satisfactory and justify its use on a large 
scale The preoperative, or correctne, treatment alfords an oppor- 
tunity to obtain the same degree of improvement resulting from the 
employment of other methods and has the distinct advantage of taking 
very much less time than is necessar)'^ when using jackets, braces or 
exercises In addition, it is entirely free from the restraint and dis- 
comfort of jackets or braces Atroph)- of the muscles may be avoided 
by daily massage and exercise on the frame The permanencv and 
value of fixation of the spine must be left to future judgment 

The immediate results have been satisfactory in all of the cases 
Ihe appearance of the back has been improved In all but one case, 
the curvature of the spine was reduced In the one case, that of a girl, 
aged 17, with an extremely severe scoliosis, the curve of the spine was 
not reducible The operation was performed because the deformit} was 
becoming more severe and it was hoped that the spinal fusion would 
“fix” the spine and pre\ent increase of the curvature This patient 
lias already gone without any support for sereral months and so far the 
deformity has not increased Five other patients of m 3 ' series have been 
without any support for periods var 3 'ing between two and six months 
and have retained the impro\ement In these cases, the fixation has 
been successful, for the operative region of the spine remains immobile 
In two instances, there is noticeable fragmentation and partial dis- 
appearance of the graft As there is no large amount of callus (as far 
as one ma}' judge from roentgenograms), it is impossible to say whether 
the graft has been replaced b} new bone Howe\er, the stiffening of 
the spine persists 

Up to date, I ha^e operated on nineteen patients, twelve girls and 
seven bovs The ages \aried between 8 and 20 rears Three cases v ere 
para]} tic and the others w'ere of the idiopathic t 3 pe I believe that 
fixation and at least fibrous ankrlosis w'ere obtained in e\er\' instance 
fixation of the spine was judged chnicalh b} the loss of motion The 
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loss of flexion and extension was determined by the lack of motion 
in the anteroposterior plane when the lumbar region was immobilized 
It was difficult to decide about the absence of lateral motion m the 
dorsal regmn, because it was hard to eliminate, by ordinary manual 
support, all lateral motion between the lumbar vertebrae Roent<Teno- 
grams were used to help us in this connection They were taken^wth 



Fig 10 — Same patient as in Figure 9, treated on convex frame from July 21, 
1921, to Sept 13, 1921, when he was operated on This roentgenogram, taken 
Oct 10, 1921, while the patient was still on the frame, shows reduction of curve 
and graft in place 

the patient bent laterally, first to the extreme right and then to the 
extreme left In several cases in which this test was used, there was 
apparently no lateral motion between the vertebrae operated on, and the 
fixation was seemingly complete 

It has thus far been impossible to judge from the roentgen-ray 
appearance alone whether there was osseous fusion of the vertebrae 
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In none of the cases was there any large amount of bone thrown out at 
the site of operation But in a number of instances, there was marked 
haziness and partial obliteration of the intervertebral spaces This 
was interpreted as signifying deposition of new bone presumably 
tiniting the posterior arches 

As previously mentioned, we have not limited ourselves to paralytic 
cases and we believe that the treatment is applicable to all varieties of 
scoliosis It IS manifestly not indicated in a case which has remained 
stationary for a number of years, nor should an operation be per- 
formed on a patient who is so markedly deformed that she is not likely 
to become worse To be of the greatest value, the operation should 
be performed in the mild cases, so that the more advanced degrees of 
deformity may be prevented 

SUMMARY 

The treatment of structural scoliosis by the method outlined, con- 
sisting of a period of correction by means of traction on a convex 
frame followed by operative fixation of a large number of vertebrae by 
denuding the periosteum from the posterior arches of the vertebrae and 
inserting a large and long beef bone graft, has given very satisfactory 
results and appears to be a distinct improvement and advance in the 
management of this most troublesome of all deformities 

The use of the beef bone graft has many advantages It may be 
prepared in advance, so that the operation is not needlessly prolonged 
It may be cut of the desired length, shape and thickness It affords 
support during consolidation of the vertebrae on which operation has 
been performed It acts as a framework for new bone formation It 
IS especially valuable in the severe cases m which the deformity of the 
ribs and vertebrae is so marked that it is impossible and unsafe to 
carry out the Hibbs fusion operation thoroughly 

The discomfort and disadvantages of plaster-of-Paris jackets are 
avoided and the surgeon is spared much hard work The entire period 
of treatment is very much shortened, and it is hoped that it may not 
exceed nine months Correctne treatment can be carried out more 
rapidly and just as efficiently on a convex frame with traction as by 
plaster-of-Paris jackets or braces 

Finally, the results obtained compare more than favorably with those 
following the use of plaster-of-Paris jackets, braces or g}^mnastic 
exercises 



BONE REPAIR FOLLOWING INJURY AND 
INFECTION *■ 

FREDERIC W BANCROFT, MD 
Associate Attending Surgeon, New York Hospital 

NEW \ORK 


Since McEwen s classical work on bone repair, there has been much 
uncertainty m the minds of clinicians regarding the process that occurs 
in bone repair following injury Whethei or not the periosteum is 
the all-important factor in osteogenesis has clouded our minds The 
significance of the bone cell, of the periosteum, and the significance of 
intermembranous or of intercartilaginous bone development is not 
known The terms aftei long usage are established as entities, thus 
tending to suggest biologic differences because of microscopic difference 
Until the physical chemist gets at the root of things, confusion con- 
cerning bone in all parts of the body will exist in the minds of labora- 
tory workers I believe when the real secrets of bone formation are 
understood, we shall acknowledge that osteogenesis occurs in the same 
manner m all tissues The tissues that are seemingly different under 
the microscope, I believe, are chemically similar whenever osteogenesis 
occurs, be it repair in a fracture or repair following infection, be it in 
periosteum, in muscle planes, m artery wall or in the ventricular 
septum of the heart Stop and think of the confusion which necessarily 
follows, when at best only microscopic sections can be seen of the 
various complex tissues manifesting bone formation at single stages 
of each experiment The ph}'Siologic chemist is handicapped m the 
same manner because his analysis by necessity is of a single stage, 
always involving many tissues In the human being, and in the labora- 
tory animal used for experiment, the tissues are far too complex in 
their functional activities and stiuctural make-up to make it possible 
for the observer to deduce what happens m single cells such as may 
be present in osteogenesis, hence, the confusion among experimenters 
as expressed in the literature The surgeon is too likely to feel that he 
does not know much about bone repair because he is so confused by 
the differences of opinion of the various experimenters Those interested 
in osteogenesis are as often as not disputing over names and terms 
rather than discussing processes, and bone formation is truly a process 
and not a state 


* From the Laboratories of the Department of Surgery, Columbia Univer- 
sity College of Physicians and Surgeons 

^*Read before the Annual Meeting of the Colorado State Medical Societj, 

Pueblo. Oct 6, 1921 
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Fig 1— Earli' bone formation following fracture A, cartilage, B, new 
bone, C, connectne tissue Gradual transitions are obser\ed from connective 
tissue to cartilage from connective tissue to bone and from cartilage to bone 
No distinctive cells are seen 
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Fig 3— Ossification occurring in the midst of muscle fibers, twehe dajs 
following a fracture of the humerus in an adult A, ossification occurring in 
cartilage , B, earl> bone , C, connective tissue , D, degenerating muscle fibers 
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Fig 5 — Comminuted fracture of radius and ulna m rabbit, fourteen daNS 
after injury A interosseous membrane, B, medullarj canal of radius with 
cortex on either side, C, new bone forming in connectne tissue following hem- 
orrhage around the fractured ends and across the medullarj canal , D, detached 
bone fragments surrounded b\ new bone formation, E, medullar\ canal of ulna 
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Fig 6 — High power magnification of radius and ulna shown in Figure S 
A, end of fractured shaft showing atrophy at end with absence of bone nuclei, 
5, new bone formation in the connective tissue, C, areolar connective tissue 
with newly formed blood vessels 
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Fig 7 — Bone transplants four ^^eeks following operation A, hatersian 
eanal with reestablishment of blood supph and surrounded b> one or two lajers 
of actne bone nuclei, B absence of nuclei in bone distant from ha\ersian canal 
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Fig 9— Transplantation of bone fragments to fill defect in radius, 347 da\s 
following operation 4, ulna, B radius C beginning formation of medullan 
canal The entire zone shown m the illustration is the area in which the 
transplants were placed It is no longer possible to detect the fragments but 
a new cortex and medullars canal are being established b\ the gradual absorp- 
tion of the fragments and the formation of new bone 
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In order to ba^e saljsfactoiy therapeutic results, it is advisable to 
accept some piactical working theory that will cover all types of bone 

the sUlefai bone format, on but also the extrasbeletal bone formation 



Fig 10 — Circulation of infant’s tibia and fibula (after Lexer) A, nutrient 
artery, B, metaphyseal capsular artery, C, relative avascular rone, where seques- 
trum separation usually occurs 


that occurs in so many places in the body Extraskeletal bone forma- 
tion occurs in one or more tissues m all of us if we live long enough 
and It may be produced experimentally in animals without difficulty 
Extraskeletal bone occurs frequently m man m the arterial wall and 
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m the muscles It has been described as having been found m nearl} 
all of the tissues of the body, such as the lymph nodes, o^a^es, kidneys, 
fascial planes and wall of the orbit 

Experimentally, bone has been produced m animals by ligating the 
vessels of the kidney and wrapping the omentum about it Microscopic 
sections of this kidney from one to two months later show areas of 
true bone and calcification occurring in the parenchyma Neuhoft, 



/ 


Fig 11 — Roentgenogram of humerus, Ro\ 3, 1919 Croton oil was inserted 
into the medtillan canal in capillarr tube containers, Oct 10, 1919 SQ, 
sequestrum. In, intolucrum , S, separation rone 

working m the laboratory of surgical research at Columbia Unuersitt, 
found bone almost unnerbally in fascia lata transplants that he had 
made to fill a defect m the bladder Any theorj, therefore, that we 
may accept should be broad enough to explain these irregular t\pes of 
bone formation as well as the repair of bone following fractures and 
infection e mat for the sake of discussion, classih the theories 
of bone repair roughh into three groups (1) periosteal, (2) osteo- 
blastic and (3) extracellular deposition of calcium salts 
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1 The periosteal theory presupposes that the periosteum and 
endosteum are definite organs for bone formation and repair, and that 
the bone cells arise from them and from no other source 

2 The osteoblastic theory may be divided into two subtitles 

Type A This assumes that m bone repair following injury bone 
cells are liberated from then lacunae and that they reproduce and form 
new bone 


iiii/ jL 
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F,g 12 -Cross-section showing massive sequestrum 
entire length of the shaft, SQ, sequestrum, In, imolucrum, S, 


Type B This assumes that following injury wandering 

:7„;:.:etferarcS™:'s:s ™ p.opo..o„s ..n, lo.. 



Fig 13 — Microscopic section Sq sequestrum In in\olucrum, S' sepantion 
zone Under high pouer magnification the bone nuclei in the sequestrum are 
absent and the zones in the mediillarj canal are filled t\ith leiikoc\tcs The 
separation zone S' contains debris and numerous poh morphonuclear leukocites 
In the lower separation zone S debris disappeared during the process ot 
decalcification 
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m bone are deposited in the extracellular frame-work of connective 
tissue and that the connective tissue cell then becomes a bone cell bv 
functional adaptation ^ 

Any one of these three theories may explain the ordinary repair of 
bone as seen m fractures, but it is difficult to explain under the peri- 
osteal theory the formation of extraskeletal bone 

The bone in fascia lata transplants in the bladder found by Neuhoff 
cannot be explained by the periosteal theory, and it is difficult to explain 



Pjg 14 — Following insertion of capillary tube containing croton oil, m 
medullary canal, Sept 21, 1920 Roentgen ray Large sequestrum in upper 
naif of humerus, Oct 15, 1920 

It if we assume that the osteoblast is a specific cell coming from other 
bone cells Moreover, it is impossible to explain the formation of bone 
m the arteries of human beings, in the lymph nodes or in the kidney 
by either of these theories 

If we assume that bone is formed by metaplasia of connective tissue 
cells into osteogenetic cells or if we assume that it is purely a chemical 
deposition in living connective tissue, we may explain the phenomenon 

very easily 
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The third theor} has seemed mOiC plausible to me Gideon Wells 
has shown that if cartilage is transplanted into the omentum it has a 
greater power of absorbing calcium from the blood than has any other 
tissue similarly placed He believes that the same proportions of 
calcium phosphate and calcium carbonate are present in the ash of 
calcified material as bone, the main difterence being that calcification 
occurs in dead tissue uhile ossification occurs in the presence of living 
tissue In sections of kidneys in which the vessels have been ligated 



Fig 15 — Cross-section showing massive sequestrum, with thick involucrum 
and zone of separation SQ, sequestrum. In, involucrum, S, zone of separation 

there are zones of calcification and ossification, the calcification occurring 
in dead tissue and ossification occurring where living bone cells are 
observed 

The simplest type of bone repair is seen following fractures In a 
series of fractures on animals, I have been able to follow the repair 
at various stages Immediately following the fractures, there is hemor- 
rhage between the broken ends Fibrin is then deposited and con- 
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traction of the clot occurs In from about five to ten days the 
organization of the clot by the ingrowtl, of connective tissue occurs 
Connective tissue appears to take a definite lobulated arrangement so 

that if we look at a cut section, we find blood vessels and then areas 
ot tnin areoJar connective tissue (Figs 1 to 4) 

Calcium salts are then deposited in the avascular zones between the 
blood vessels Eaily callus looks veiy much like the lobules of the 



Fig 16 — Lower power magnification of terminal portion of sequestrum with 
surrounding involucrum A, sequestrum, B, granulation tissue, C, mvolucrtim, 
D, terminal spicule of sequestrum shown under high power m Figure 17 

liver At first the blood vessels appear about this area of areolar tissue 
and then an area of new bone appears At a later period, the areolar 
zone is almost completely replaced by osteogenetic tissue This process 
continues until there is a definite haversian canal system of adult bone 
In the zones of exuberant callous formation, absorption of the calcium 
salts takes place and scar tissue results Bone atrophy occurs almost 
universally near the fractured ends A great number of nuclei of the 
bone cells in the lacunae disappear 
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Fig 17 — Terminal portion of sequestrum showing new bone formation about 
it, and gradual reorganization A, dead bone, cell spaces are empty showing no 
nuclear stain , B, newlj formed bone surrounding and incorporating dead bone 
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As the granulation tissue springs from the periphery and the new 
blood vessels run at right angles to the shaft, the haversian canals as 
seen by microscopic examination from three to five months following 
fracture, are perpendiculai to the normal haversian canals of the shaft 
At the end of a year, how'ever, by a gradual process of absorption and 
new’’ formation, canals are reestablished in a normal direction Peri- 
osteum, as it is a connective tissue and as it has an areolar layer 



Fig 18 -Large sequestrum, Nov 10, 1919, with well marked 
sepSation zone" /ii, mvolucrum, N., sequestrum, operation performed, Oct 

10, 1919 

.^mediately adjacent to the shaft, undoubtedly serves “ 

,„g membrane, but .t ,s not the only connect. ve hssue winch may 

o7bonl grafts shows s.r,K.„gly why the d-.an and the 
laboratory worker have differed m the.r accounts of the 

of the graft arafts “live,” because if occasion 

The chmcan has usually stated that gr. „dary operation, 

should arise demanding the performance of a second y 
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he finds that the cut section of the giaft bleeds and that it has the 
general appearance of living bone Roentgenograms also show the 
graft appealing as noimal bone 

The laboratory worker on microscopic examination finds that in 
grafts of one to two weeks’ duration the nuclei do not stain and the 
bone appears dead Microscopic examination at a later period reveals 
the blood vessels leestabhshed in the haversian canals, and about them 
one or two layers of living bone cells, while portions of the graft 



Fig 19 — Sequestrum and involucrum, Dec 1, 1919, less marked than pre- 
viously hi, involucrum , Sq, sequestrum 

further from tl e canals show the absence of nuclei (Fig 7) The 
process then continues as a gradual absorption of the dead bone and 
the formation of new bone in its place It is easy to see that the bone 
at this period would bleed on section and would appear alive clinically 
In order to have a successful graft, three conditions must be 
established First, the graft must maintain the shape of the limb, 
second, it must have its blood supply quickly reestablished and, third. 
It must stimulate osteogenesis in the neighboring tissues 
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McWilliams, in a thorough analysis of the various methods of bone 
grafting, read before the American Surgical Association at Toronto 
m June, 1921, came to the conclusion that the presence of peri- 
osteum upon the graft had very little influence upon its ultimate 
success He analyzed about 1,390 cases m which grafts had been used 
Of these, 1,170, with 82 9 per cent of successes, had periosteum, while 
196, with 82 6 per cent of successes, were without periosteum In 



Pjg 20 —Roentgenogram, Jan 15, 1920, no involucrum or sequestra 


analyzing the types of transplants he found 
relatively as follows bone pegs, 95 8 per cen , os 

°e^:X:t9Ter ^t per cent^ 

If we study these, we find that sucass'of the 

sized for the success of bone grafts explain the relative 

foregoing methods 
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Bone pegs are surrounded completely by bone and very quickly 
have their blood supply reestablished 

The osteopeiiosteal grafts of DeLangeniere are thin strips of bone 
and periosteum which are laid down between the ends of the bone 
If they are sufficient to maintain the shape of the limb, theoreticall} 
they are the most practical, for the blood supply is very quickly estab- 
lished They oftei a large suiface of law bone to stimulate osteo- 
genesis 



Fig 21 — Cut-section, Jan 24, 1920 In, subperiosteal bone proliferation. A, 
probable remnants of old sequestrum but no separation zone 


The inlay graft is, as a rule, rather thick and does not offer so 
much surface of raw bone for stimulation of osteogenesis The late 
fractures that occur in these cases are probably due to the slow 
reestablishment of the blood supply and the resulting atrophy of the 
transplant 

I am inclined to believe that the intramedullary graft should be 
condemned We know that the mam blood supply of the shaft of the 
long bone is from the nutrient artery In apptying an intramedullary 
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graft, we destroy the blood supply of both fractured ends of the shaft 
and undoubtedly a longer time is required for repair on account of this 
to reestablish the b'ood supply of the graft 

In a series of experiments lasting over two or three years, I trans- 
planted small bone fragments into a defect of from 1 to 2 inches 
(2 5 to 5 cm ) m the radii of dogs Microscopic studies made at 
various intervals after operation showed, in the early stages, absence of 
the nuclei m all these grafts There was, however, marked production 



during decalcification 

of new bone about them tn the 

after operation Firm union was the ultimate result 


these cases vessels were seen in the naversian 

At the end of about a “"od vess 

canals of the fragments an j ,|,at 

rseiracfratateVtrto the osteoperiosteal grafts of 
DeLangeniere (Figs 8 and 9) 
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OSTEOAIYELITIS 

At the pieseiit time, when radicalism is necessary in the treatment of 
chionic osteomyelitis in adults, I believe a word of caution should be 
spoken with regaid to the tieatment of hematogenous osteomyelitis in 
children 



Fig 23 (Case 1) — Roentgenogram, taken Juh 30, 1919, operation per- 
formed June 22, 1919, consisting of removal of 2 inches (5 cm ) of anterior 
surface of the upper third of the tibia A, area of bone removed at primar}" 
operation , In, involucrum , S’, separation zone 

The treatment of acute osteomyelitis in children may properly be 
divided into the treatment at the acute, and treatment at the subacute, 
stage The primary indication for operation at the onset is the relief of 
pus under pressure, and as such, it requires the application of the 
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same surgical principles as pus collections elsewhere in the body, that 
IS, adequate drainage, with the least possible trauma and with careful 
attention to the blood supply If one considers that frequently peri- 
osteum with its blood supply has been stripped from the shaft by the 
exudation of pus and that the only remaining blood supply to the shaft 
IS through the nutrient artery, one realizes the danger to the entire 
shaft of too active treatment by curettage or packing (Fig 10) 



24 (Case 1) -Operat.on, June 22 f ^No 
92 1919 S former separation zone, marked su p 
operative procedure has been performed on this area 

It ,s true that in the region of the 
somewhat resemble the septnms “f^e mastoid 

,n this region it may be necessary to break up trooniatire any 

the abscess Care should be taken even here not 

more than possible 
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Constant, careful postopeiative observation of these cases is neces- 
saiy, as there aie frequent secondary metastatic abscesses in the soft 
parts 

Subacute Stage — Before the days of wound sterilization, the course 
of a case could be fairly definitely prophesied At the primaiy opera- 
tion, the shaft was opened wide, frequently curetted and packed 
Following this, sequestration occuiied, frequently involving almost the 
entile shaft As advised by Nichols, of Boston, the sequestrum was 
usually removed at a time when the involucrum was strong enough to 



Fig 25 (Case 1) —Operation, June 22, 1919, roentgenogram taken, Nov 24, 
1920 , no sinus , patient apparently well 

maintain the shape of the limb, and yet, at such a stage when the 
involucrum could be inverted, obliterating, as far as possible, the “dead 
space ” 

In 1919, I attempted to reproduce osteomyelitis in dogs before the 
students of the third-year course in regional surgery at Columbia At 
the suggestion of Dr William C Clarke of the department of surgery, 
through a drill hole in the cortex of the medullary canal of the humerus. 
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croton oil was introduced in glass capillary tube containers having their 
ends sealed with agar-agar The hole m the cortex was then plugged 
with bone wax, and the soft parts and the skin were sutured By this 
procedure, repair following the operative trauma was allowed to 
progress before the croton oil was liberated from the capillary tube, 
probably by the solvent action of the cells and body fluids upon the 
agar-agai As croton oil causes marked necrosis of the surrounding 
bone, we were able to produce a chemical osteomyelitis A sequestrum. 



Fig 26 (Case 2) — Roentgenogram taken, Dec 8, 1919, previous to opera- 
tion Sq, sequestrum. In, involucrum, S, separation zone 


often from 5 to 10 cm in length, and including the entire circumference 
of the shaft, frequently occurred (Figs 11 to 17) This sequestrum 
was separated from a newly formed involucrum by a zone of debris 
and leukocytes, therefore, all the factors of an acute osteomyelitis were 
oresent with the exception probably of bacteria and their by-products 
^Prtinns showed the sequestrum with an involucrum surrounding it but 
separated from it by a zone of pus The cortical bone of sequestrum 
showed absence of nuclei, and throughout its cancellous portion there 
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was a marked infiltration of leukocytes The involucrum consisted of 
newly formed subperiosteal bone 

In the prolonged animal experiments roentgenologic studies showed 
the gradual disappearance of the sequestrum so that at the end of two 
months it was impossible to detect its former outlines by the roentgen 
ray (Figs 18 to 22) Microscopic sections taken at this tune showed 
the disappearance of the zone of separation, and the former seques- 
trum was then united to the living bone by blood vessels entering the 



Kig 27 (Case 2) R-oentgenogram taken, 7, 1920, operation, Dec 

9, 1919 anterior surface of the cortex of the tibia remored, drainage tube m 
popliteal space shown 


haversian canals The process was similar to that found in an}'’ bone 
transplant, gradual absorption and deposition of new bone occurring 
throughout the hatersian canals until all the dead bone had been 
replaced 

I ha\e emphasized these facts because I behete they have a definite 
influence on human surgery I shall show in the study of clinical cases 
that in children bone tissues that are apparently dead can be sa\ed to 
ad\ antage 
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Since the introduction of the Carrel-Dakin teclinic, we have had 
lesults on Dr Pool’s service at the New York Hospital which corre- 
qiond to a certain degree with results found m our experimental ^vork 
-The following two cases sliow marked regeneration of bone which on 
eithei ioentgen~ray or gross examination appeared necrotic 



Fig 28 (Case 2) — Roentgenogram taken, April 10, 1920, new bone pro- 
liferation about and incorporating former dead shaft 


On account of limited time, brief summaries of only two illustrative 
cases will be given 

REPORT OF C^SES 

Case 1 (Figs 23, 24 and 25) —A girl, aged S >ears, came into the hos- 
pital with an acute osteomyelitis involving the upper third of the tibia Drain- 
age was established by removing the anterior part of the cortex in the upper 
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third Later, the roentgen ray revealed a marked rarefaction and apparent 
sequestrum formation m the lower third As the temperature was approach- 
ing normal, and her condition was quite satisfactory, it was considered advis- 
able to delay operation on the lower third Later the roentgen ray revealed 
subperiosteal bone proliferation around this zone of separation, and a roent- 
genogram one year later revealed a relatively normal appearing shaft At the 
present time, she is well, without any sinus, and apparently the process is cured 



Fig 29 (Case 2) — Roentgenogram taken, Oct 18, 1920, new bone for- 
mation, w'ound healed, patient w’alking on leg, feels well 


Comment — Primary roentgenographic studies of this patient disclosed the 
appearance of rarefaction and sequestration m the lower third of the tibia This 
completelj disappeared without anv operative interference 

Case 2 (Figs 26 to 29) — A boj, aged 7 jears, m whom the tibia had been 
insufficienth drained, elsewhere, for an acute osteomv elitis, came into the 
hospital extremely ill, with a temperature of 106 F, marked leukocvtosis and 
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prostration At the primary operation, the entire anterior portion of the 
cortex of the tibia was removed There was a fracture of the upper third 
due to the complete destruction of the bone Periosteum was separated by 
pus from the greater part of the shaft In this case Carrel tubes were inserted 
posteriorly between the necrotic shaft and the periosteum The shaft appeared 
dead It was not removed because it was thought advisable to maintain this 
portion of the shaft to prevent deformity After about five weeks, granula- 
tions were seen springing up on the surface of the formerly necrotic shaft 
Roentgenograms taken two months after the primary operation showed new 
bone formation about, and apparently incorporating, the remnant of the old 
necrotic shaft At the present tune, the patient has no sinus and the roentgen 
ray revealed marked new bone proliferation without the sign of any sequestrum 
Covuncut — This patient, who was too sick to stand any operative procedure, 
had a dead shaft exposed in the wound After Dakmization, granulation tissue 
appeared on the former necrotic surface The bone was later incorporated and 
the new bone formed about it Whether or not in this case the sequestrum 
was sterilized by the Dakin solution, it is difficult to state, but it appears that 
it acted verj much as did the chemical sequestrum produced bv croton oil injec- 
tions 111 the experin eiital laboratorj 

CONCLUSIONS 

Fiom the experience obtained with these cases and from the many 
animal experiments, I am convinced that, in the future in the treatment 
of children, we can be more conservative 

First, adequate drainage should be obtained with as little trauma as 
possible Second, in cases in which the patient is clinically progressing 
favorably, bone, which by roentgen-raj or gross examination, appears 
dead, may frequently be saved to advantage m order to prevent 
deformity and hasten convalescence 

Finally, I believe that in the past we have made bone repair appear 
much too complex We have been lost in the by-ways of periosteum, 
endosteum and bone reticulum It is much simpler to believe that bone 
occurs as a chemical deposition in connective tissue Such a theory 
allows for bone formation as it appears m all parts of the body 

In bone transplants, we must assume that the transplant per se 
does not live but that it acts as a framework for new bone and stimu- 
lates osteogenesis We must, therefore, apply grafts that can easily 
have a blood supply established, and have sufficient free surface to 
stimulate bone production 

In the treatment of fractuies, care must be taken to increase the 
blood supply This is more important than immobilization that con- 
stricts the limb Early motion favors union for this reason 

What we are apparently doing when a bone graft is made or when 
extraskeletal bone occurs in an experiment is producing the rig it 
chemical state Then the process of bone formation inevitably fo ow 
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Until the physical chemist tells us more of the intricacies of the 
chemistry of the tissues, the practical surgeon should study the circum- 
stances of bone production, that is, what factors promote its formation 
He should not let the disputes of the various experimenters over terms, 
or the question as to whether this or that tissue produces bone, confuse 
the issue The issue requires that the patients be cured, following 
injury or infection of the bony structures 

100 East Sixty-Sixth Street 



lipping fracture of lower articular 

END OF TIBIA 

B F LOUNSBURY, MD, and A R METZ, MD 

CHICAGO 

Lipping fractures of the tibia merit consideration as a separate 
entity because of the difficulty of maintaining reduction and the high 
degree of disability accompanying union in malposition 

There are two types of these fractures, tlie anterior and the posterior 
Theie may be an accompanying fracture of the internal malleolus 
or lower end of the fibula oi both, with displacement of the astragalus 
and foot forward or backward In the 3'^oting, there may be a separa- 
tion of the epiphysis, with lipping fracture of the diapltysis 

CAUSES 

The anteiioi fracture is caused by a sudden violent overflexion of 
the foot This might occur when the weight of the body is unexpectedly 
thrown on the ball of the foot, as, when in stepping up onto a curb or 
stair, the foot slips oft and is forced upward The astragalus is forced 
forward and upward Its convex anterior articulation meets resistance 
against the concave anterioi lip of the lower articular end of the tibia 
An oblique fracture may result, displacing the anterior lip of the tibia 
forward and upward The concave socket which has helped to hold 
the astragalus in position is then broken and this fragment, together 
with the foot, slides forward from under the end of the tibia The 
convex posterior facet of the astragalus lies against the fractured front 
of the tibia 

Fracture of the posterioi lip is caused by catching the heel, often on 
a door-silI or edge of a step or curb The ball of the foot is without 
support and the foot is hyperextended The weight of the body is 
thrown on the foot and tends to increase this hyperextension The 
posterior lip of the tibial articulation is forced against the posterior 
aspect of the astragalus and a fracture, from below upward and 
obliquely backward, results The posterior hp of the tibial articulation 
goes backward and upward, and with it the astragalus and foot The 
tibial fragment may be small or large It may be a mere tearing away 
of the nm, to which the joint capsule is attached, or it may involve the 
articular surface of the tibia to the apex of its concavity The antenor 
side of the astragalus rests against the posterior fractured surface of 
the tibia The joint capsule may be ruptured and the tibio-astragalar 
ligament torn Frequently, the periosteum is stripped up for some 
distance on the back of the tibia and is attached to the small fragmen 
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Fig 5 — Posterior fracture of the tibia and displacement backward of the 
astragalus and foot, showing line of incision 











LOUNSBURY-METZ— LIPPING FRACTURE OF TIBIA 687 


The internal malleolus may be fractured and displaced medially and 
upward This may complicate either the anterioi or posterior type 
The nearer the line of fracture is to the apex of the concavity of the 
tibial articulation, the easier it will be to reduce the astragalus and the 
more difficult it will be to maintain it after reduction Frequently, the 
surgeon has made an excellent reduction of such a fracture and applied 



Fig 9 — Fracture of posterior lip of the tibia complicated b\ fracture of 
the lower end of the fibula, fourteen weeks after injurj Foot and astragalus 
displaced backward and held in malposition bj' firm callus 


a cast to maintain it \\ hen checking the result w ith a roentgenogram, 
he has been disappointed to find that displacement has recurred within 
the cast , and m spite of repeated eftorts of nonoperative methods, 
he has been unable to hold the fragments m their normal position 
Under these circumstances, an open reduction and fixation of the frag- 
ments IS the onh method that will be eltectne 
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TCCIINIC 

Because of the complex anatomy of the ankle, open reduction of 
this fractuie lias always been difficult, especially m old cases To 
simplify the operative procedures, we have developed the technic 
illustrated m the accompanying sketches An incision over the medial 
surface of the tibia, from a point 6 inches (15 cm ) above the internal 
malleolus, is cairied down over the malleolus and curved slightly 
forward to the distal end of the astragalus The incision extends down 
through the periosteum to the end of the tibia The periosteum is 



reflected back from the medial surlace, over the crest and over the 
dorsal aspect This lays bare the fracture field in either an anterior 
or posterior displacement Some shreds of periosteum or ligament 
may be found between the fragments These are removed and the smal 
fragment easily pushed into position It is held to the large frag- 
ment by a Lowman clamp In an anterior displacement a hole is 
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drilled through the small fragment into the large one, while the clamp 
holds them firmly With a chisel, a peg is cut from the exposed crest 
of the tibia The peg may be sharpened with ordinary bone cutters or 
clusel, and is then driven through the small fragment into the large one 
In the postenor dislocation, the drill hole extends through the large 
fragment into the small one, because of easier access, and the peg, also 
diiven from in front, passes through the large fragment into the 



Fig 11 — Separation of the epiphj'sis and lipping fracture of the diaph\sis 

small one The peg is cut flush with the bone and the periosteum 
sutured The skin is sutured with catgut and a cast applied The cast 
should run to the knee and hold the foot at a right angle to the tibia 
In from six to eight tteeks, the cast can usualh be remo\ed and Indro- 
therapy and massage instituted 

In old cases in nhich union has taken place in malposition the 
problem is more difficult and necessitates the cutting of callus Fre- 
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quenlly, the lower end of the fibula has been fractured and displaced 
backwaid oi foiward with the astragalus Under these circumstances, 
It IS necessai}' to cut the fibula in older to get the astragalus into its 
normal position With the lip of the tibia securely pegged, it is not 
necessary to fix the fibular fragment, the cast answering the purpose 
fully 



F,g 12-San.e leg as that shown m F.gnre 11 after rednCon and pegg.ng 
With autogenous bone 


advantages of operation 
This operation has two distinct advantages First, by 

bone peg is easily secure matenal with the least likelihood 

strokes This makes a firm fixation matenai 

of unfavorable bone reaction 



OSIEO-ARTHRITIC PROTRUSION OF THE ACETAB- 
ULUM (INTRAPELVIC PFANNENVORWOLBUNG) 

ARTHUR E HERTZLER, MD 

HALSTEAD, KAN 

Under this head, an aftection of the hip joint has been described 
which is characterized, anatomically, by a deepening of the acetabular 
cavity, due to a displacement, medially, of its inner wall, and, clinically, 
by pain and limitation of abduction and sometimes of adduction and 
of rotation It was first described by Otto ^ It is a rare condition 
Valentin and Muller ^ were able to collect onlj’^ thirty-one cases, to 
which they added three of their own 

This condition, as described in the literature, is due to a variety of 
causes I am able to present fairijr well marked examples of most 
of the varieties 

Case 1 — Histoiy — A man, aged 29, complained of pam m both hip joints, 
which he first noticed ten years previously It began without known cause or 
antecedent disease except joint pains m bad weather At first these pains 
involved the hands and elbows and later the knees These joints had not 
bothered him m recent years There was at no time any febrile reaction He 
had not had tonsillitis , but he had had many decayed teeth, requiring exten- 
sive dental work At the time of examination, hovever, there vas no defect 
His general health was good 

The pam in the hips began first about six years previously It was dull 
m character and was located deep in the hips It did not radiate and was 
never sharp These pains were more marked m cold, rainy weather The 
same kind of pam was present at this time, but the tendency to be worse under 
certain weather conditions vas less marked now than it had been for several 
years The pain was most pronounced when he first began to walk after sitting 
for a time, but lessened with exercise onlj to increase again if the exercise 
was prolonged This had recently become so marked that he had become 
incapacitated for all work on the farm After exercising for a time, the 
muscles about the hips seemed to become stiff, making moiements slow and 
difficult He had noticed, a number of jears previoush, that it was no longer 
possible for him to ride horseback 

Examination — The phjsical examination revealed an apparenth \igorous 
young man The head and trunk showed no deiiation from the normal The 
musculature about the hips seemed flabbx and shghtlj atrophic compared w ith 
the general appearance of xigor of the upper part of the bod\ The examina- 
tion of the legs rexealed a degree ot flabbiness xxhen compared xxith the arms 

1 Otto Pfannenbeckenmiszstaltung infolge deformierender Osteoarthritis 
Seltene Beobachtungen zur \natomie Phxsiologie und Pathologic gehorig, Ed 2, 
Berlin 1824 

2 Valentin, B and Muller, H Intrapelxine Pfannenxorxxolbung (Pelxis 
Otto-Chrobakf, -krcli f khn Chir 117 523, 1921 
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Botli trochanters projected a finger’s breadtli or more about the Nelaton line 
External rotation was distinctly limited, as was also internal rotation to a 
lesser degree Abduction was possible oiilj to a very limited extent, not 
more than 20 degrees, and the attempt to force it caused pain Adduction was 
somewhat limited but less so than abduction Flexion was possible to a right 


Fi 2 1 (Case 1) -Right hip, showing normal angle of The 

The .«a. les, than a cen.,,™..^ a™ 

floor o£ the acetabulum protrudes into t ' ^ ^ „ „ot changeil 

^he"':: StTppm. oT'th:'.:tr border o£ the acetabulum 

angle Withm these ranges, the movement was tiee and painless and wit 
any sensation of friction tmehanters closer to the acetabu- 

rC". »d .r Xhe acetabumm was tree trom .ippm. 
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or other evidence of disease except at the lower border The angle of the 
neck of the femur with the shaft was apparently approximately normal The 
striking feature noted m the roentgenogram was that the acetabulum pro- 
truded toward the pelvic cavity, deepening it to a marked degree The acetabu- 
lar floor was not thickened and the surface it presented to\\ard the pehic 



Fig 2 (Case I) — Left hip of the same patient 


ca\it\ was smooth m outline There was no e\ idence of disease ot the femur 
nor of the pch ic bones On rectal examination the protrusion was more 
striking than it appeared m the roentgenogram The sensation was as though 
half a billiard ball had Iieen cemented o\er eacli acetabular region 

Dtaqiio^t ^ — The slight limitation of external rotation and the marked limita- 
tion of abduction at once suggested coxa aara, but the lack oi marker! lim- 
itation ot internal rotation made this diagnosis douhtiul The roentgen rae 
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showed no marked change of the angle of the neck of the femur, but d:d show 
a deepening of the acetabulum The lipping of the lower border of the 
acetabulum suggested an inflammatory process 

Case 2—Histo)v—A woman, aged 44, complained of pain m the left thigh 
and hip She had been a strong and healthy child until the age of 6 when 
she sustained a slight injury of the left hip She was confined to bed with 
continuous pain and fever A smus formed but in six months she was able 
to get about on crutches The sinus did not heal for nearlv eight years 

She had been able to walk with crutches until six months previously, when 
she injuied her hip slightly She walked about for a week following the 
mjurv, but had not attempted to do so since 

Examination — There was marked limitation of motion in all directions 
Abduction was altogether impossible, as was external rotation The roentgen 



Fig 3 — The entire lateral border is displaced markedly medially, protruding 
into the pelvis more than a third of its diameter There is thickening of the 
bone which forms the floor of the acetabulum The head of the femur is 
deformed and the neck and shaft of the femur are atrophied and rarefied 


ray revealed the whole acetabular cavitv displaced markedly medially (Fig 3) 
The acetabulum was deepened and there w'ere marked changes m the acetabular 
border and in the neck and head of the femur In fact, the roentgen ray would 
indicate a bony ankylosis, an impression heightened by the marked atrophic 
changes m the femoral shaft and head 

Diagnosis — The marked median displacement of the entire acetabular cavity 
constituted the sole reason for including this case in this category Esau 
reports a case of this type The clinical findings do not correspond to the true 
Otto type, so they will be referred to again later 


3 Esau, 

pathologiscb^ 

1908 


P Akute Osteomyelitis des rechten Schambeins und 
Luxation des Oberschenkels , Deutsch Ztschr f Chir > 
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Case 3 — History — woman, aged 36, came for examination to determine 
whether an old hip disease would make childbirth hazardous When 5 jears 
old, she began to have pain in the left hip and knee She was treated for 
several years with a hip splint The pain ceased, but there was limitation of 



Fig 4 — Old tuberculous disease of the hip There are marked trophic 
changes in the head and shaft of the femur The acetaliular protrusion is due 
to a thickening of the bone rather than an actual protrusion 


motion in the hip joint She was rincii an anesthetic and the joint was freeh 
mobilized Following this she had lever and swelling about the joint tor 
several months and when this subsided, she was unable to move the thigli at '•1! 

£t(iiiiiiiatioii — There was coinjilete fixation at the hip joint tFig 4) Tne 
thigh and hip regions showed marked muscular a’rojjhv Tne rocn,gen r" 
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ra}' re\ealed many metastatic nodules It is of interest to note that the metas- 
tases m the ischium had permitted a protrusion toward the median line 
(Fig 5) The picture is shown here because a similar condition was pre- 
sented by Thomsen ■* as a t 3 pe of osteo-arthntic protrusion of the acetabulum 

COMMENT 

Case 1, here presented, seems to belong to a condition -wherein the 
disability is due to the deepening of the acetabular socket, as already 
noted It -was first described by Otto ^ As indicated by the title of 
Otto’s paper he considered an inflammatory reaction the causative 
factor In several of the cases reported, mild inflammatory reactions 
have preceded the deformity Thus Wolfsohn and Brandenstein ^ 
report a case in a man, aged 36, who had a rather typical inflammatory 
rheumatism five 3 'ears before Graduall)’^ the movements in the hip 
joint became limited and a protrusion of the acetabular caMty followed 
Scherthn ® and Henschen ‘ report similar instances It is to this type 
that my Case 1 belongs Most cases recorded apparently follow a coxitis 
of a relatively mild degree The general term juvenile osteo-arthritis 
seems, as suggested by Wolfsohn and Brandenstein,® to be descriptive, 
except that in the majority of cases recorded the dominant sjmptoms 
appeared too late in life to be “juvenile,” it is possible, howeier, that 
the first changes began during adolescence 

Eppinger * believes the disturbance is due to a late ossification of 
the bones making up the acetabular floor According to him, the 
constant muscle pressure on the cartilaginous floor is sufficient to 
produce the condition Other authors combat this hypothesis chiefly 
for the reason that a delay in ossification has not been proved, and that 
the cases reported give histones of a preexisting arthritis 

The significance of frank infections of the joint, particularly by pus 
organisms, has been emphasized by Esau ® Mj Case 2 belongs here In 
this case, a pyogenic infection may fairlj be assumed Apparentl) , a dis- 
turbance of the ossification centers followed, with displacement of the 
horizontal ramus of the pubes I obserced a patient some jears ago 
in wdiom there was frank suppuration on the right side which was 

4 Thomsen Krebsige Osteomalacic, A.rch f klm Chir 13 235, 1872 

5 Wolfsohn and Brandenstein Ueber Osteoarthritis coxae ju\ enilis duplex. 
Arch f klm Chir 96 656, 1911 

6 Scherthn Ueber emen Fall \on intrapehmer Vorwolbung und zentraler 
Wanderung der Huftpfanne, Beitr 7 klm Chir 71 406 1910 

7 Henschen Die mtrapehine Vorwolbung und die ^entraIe V anderung 
der Huftpfanne, Beitr 7 klm Chir 65 599 1909, Die traumatische (spontane) 
Luxatio centralis femoris Beitr z klm Chir 62 294, 1909 Die 7entrale oder 
intrapeUine Pfannenwanderung der Hufte auf coxitisch-arthropathischer Grund- 
lage Ztschr f orthop Chir 33 43S 1913 

S Eppinger Peh is-Chrobak Coxarthrohsthesis-Bcckcn Beitr 7 Geijurtsh 
u GMiak 2 176 1903 
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dranled after several weeks The left sale became aftected and was 
drained early On this side, there is some acetabular protrusion with 
some changes in the bones On the right side, the bone changes are 
extensive (Fig 6) It is possible that the left side in this case stands 
midway between the extreme suppuration as shown in the right side 



Fig 6 — At the left of the roentgenogram the head of the femur and the 
acetabulum show extensive changes On the right, the femur shows extensive 
changes , the floor of the acetabulum shows relatively slight changes but pro- 
trudes somewhat into the pelvis 

and the type Otto has shown m Figure 1 In another case, with 
double suppurative arthritis, there was a protrusion of the whole lateral 
pelvic arches (Fig 7 ), being a lesser presentation of the condition 
shown in Figure 2 In the paper of Valentin and Muller,^ they seem 
to include such cases as of the true Otto type The gonococcus has 
been accused by Henschen ^ and Chian ® to be the cause 

9 Chian Ueber die Aetiologie und Pathogenese der mtrapelvinen Pfannen- 
protrusion, Beitr 7 klin Chir 102 , 1916 
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Tuberculous infection has been observed, notably by Chian and by 
Bier My Case 3 belongs to this group The deformity here is not 
great, but it indicates the process by which the deformity develops 
Trendelenburg described one due to the echinococcus 

Tabes was diagnosed by Fere,^^ Wrede^- and Kienbock In 
such instances, it appears to be a generalized overproduction rather 
than the medial displacement of the floor of the acetabulum 



Fjg 7 — Double suppurative arthritis in a girl, aged 10 jears These joints 
were both drained The transverse diameter of the pehis is lessened and 
there is some protrusion of the acetabulum These resemble, in a mild degree, 
the conditions shown in Figure 3 

Displacement from invasion by tumor was first observed by 
Thomsen,'* and this also was the causative factor noted in one of the 

10 Trendelenburg Echinococcus multiloculans der rechten Beckenhalfte, 
Verhandl d deutsch Gesellsch f Chir 10 61, 1881 

11 Fere Description de quelques pieces relatnes au\ lesions osseuscs ct 
articulaires des ataxiques conser\ees au musee anatomo-pathologique de la 
Salpetriere Arch de neurol 4 1882 

12 Wrede Demonstration eines Tabesbeckens und ernes Otto-Chrobakschen 
Beckens Tr 82 Versamml deutsch Xaturf u Aerzte in Konigsberg 1910 

n Kienbock Leber die mit Protrusion des Pfannenbodens emhergehenden 
Erkrankungen des Huftgelcnks und ihrc Beziehungen zur Arthritis gonorrhoica 
und Arthropathie bei Tabes Fortschr a d Geb d Rontgenstrahlen 18 280 1912 
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cases reported by Senftleben and by Valentin and Muller = Numerous 
othei instances have been lecorded in which there was a displacement 
of the head of the femur inward I had one such instance m sarcoma 
of the ischium and one in metastatic carcinoma fiom carcinoma of the 
breast This is piesented herewith as Case 4 

It seems doubtful whethei deformities due to specific infections and 
to malignant gio\\ths should be admitted to this disease group I 
would exclude cases due to acute osteom}elitis, tuberculosis, nerve 
disease and tumois The couise and palholog}" of these are so different 
from the typical cases of Olio’s disease that confusion is caused by 
their inclusion I would, therefore, include onl) about twenty of the 
leported cases and C.ise 1 of m 3 own as t 3 'pical instances of Otto- 
Chrobak disease In this connection, it is not possible to speak convinc- 
ingly of those associated with gonorrheal arthritis Schlagenhaufer 
lecoids one instance m which a puie culture of gonococcus was obtained 
fiom a case lunnmg an acute course Kienbock likewise leports a case 
It ma) be, therefoie, that in some of the cases of insidious onset the 
gonococcus may ha^e pla}'ed a part One cannot, therefore, exclude 
this etiology from the t 3 pical Otto-Chiobak disease 

Viewing the repoited cases as a whole, it seems probable that a 
change in structure of the bone is brought about by a chronic inflam- 
matory pi ocess We cannot do better, therefore, than to conclude with 
Otto that the disease is due to an osteo-arthntis 

The diagnosis of the typical Otto type is characterized by marked 
limitation of abduction and external rotation, with a lesser limitation 
in the other movements Flexion in Scheitlin’s case was limited to a 
third of the usual range In ni}'’ case there was slight limitation of 
flexion Usuall}", the greater trochanter is not displaced , but m 
Scheitlin’s case there was a displacement of 3 cm In my case there 
seems to be some displacement upwaid, but the lange was not above 
that of peisonal enoi 

The clinical importance of this disease, aside fiom the limitation 
of motion, is that it sometimes reduces the oblique diameter of the 
pelvis sufficiently to make it a hindiance to delivery Henschen an 
Kuliga have each made a stud}'^ of this phase of the subject 


CONCLUSIONS 

1 Following a chronic arthritis, there ma)'^ be a protrusion of the 
acetabular floor into the pelvic cavity 

14 Senftleben Ueber Fibroide und Sarkome in chirurgisch-patbologischer 

Tlpziehung: Arch f klin Chir 1 81, 1860 

15 Schlagenhaufer, F Ueber Coxitis gonorrhoica und ihre Bezielumg zur 

Protrusion des Pfannenbodens, Zentralb! f Gynak 30 228, 1909 . „ 

16 Kuhga Ueber Chrobakschcs Becken, Zieglers Be.tr z path Anat u 

alU Path Festschr f Arnold, 1905 
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2 This produces limitation of abduction and external rotation and 
some limitation of movement in other directions 

3 This protrusion ma}' shorten the oblique diameter of the peh ic 
outlet 

4 The displacement of the acetabular floor by specific disease oi 
Cuinoi metastases should not be placed in the group of osteo-arthiitic 
protrusion of the acetabulum of Otto 



RESULTS OF TREATMPNT OF FRACTURED FEMURS 

IN CHILDREN 

WITH nsPCciAL Rc^ERE^cr TO Bryant’s overhead traction =* 

W H COLE, MD 

ST LOUIS 

This review of the cases of fractured femur encountered in the 
St Louis Children s Hospital was made primarily to present tlie method 
of tieatment and its results in simple fractures In addition, an analysis 
of the entire group of cases of Iractured femur, including pathologic 
fractuies, lias been made 


AN ALA SIS or CASES 

Altogether, the reports of thirt)f-fi\e cases ^ have been collected 
Tinity-one of these weie simple fractures, eighteen of wdiich were 
tieated by overhead traction- Considering the ratio of ages, fracture 
ot the femur is much moie common m infancy, five of the thirty cases 
occuiiing in infants, 1 a ear of age or under 

Depending on the kind of fracture and the complications, six 
difterent methods of treatment have been used, viz (1) overhead 
traction, (2) plaster casts, (3) splints, (4) horizontal traction, (5) 
open reduction, and (6) modified Steinmaii pm 

The five cases treated by plastei cast represent almost exclusively 
those in wdiich there ivas little or no displacement By using a cast 
m the tieatment of these cases, the patient is allow^ed to go home much 
eailiei and without the clangei of lefracture As stated, eighteen of the 
thiity-one cases w^eie treated b)'’ OAerhead traction 

Table 3 reveals that practically one half of the thirty-one cases 
w^eie transverse fiactuies Almost all of the oblique fractuies were 
tieated by overhead traction This method, how'evei, w^as also used 
111 tiansA^eise fractuies All of these five w^ere overriding fractures 
The three cases tieated b} open i eduction ivere transverse fractures, 
tw^o, however, ivith no more displacement than in those treated by 
overhead traction All the cases treated by casts and splints represent 
almost exclusively those wnth lery little or no displacement Of the 
two patients treated by hoiizontal traction, one w^as 12% years old 

*From the Department of Surgery, Washington University School of 

1 This senes was taken from the ser\ice of Dr Clopton of tie S 
Children’s Hospital, and the work Mas undertaken at his suggestion 

2 Bryant, Thomas Practice of Surgery, London 2 422 Ib/V 
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TABLE 1 — Ratio of Simple to Pathologic Fractures 


Simple — 

No of Cases 

Infants (1 year or under) 

5 

Children (1 to 12 years) 

26 

Pathologic — 


Osteomyelitis 

2 

Syphilis 

1 

Osteitis fibrosa cystica 

1 

Total 

35 


TABLE 2 — Method of Treatment and 

Influence of Age 

on It 

Method of Treatment 

No 

of Cases 

Infants (1 year or under) — 

Overhead traction 


1 

Plaster cast 


2 

Splint 


2 

Total 


5 

Children (1 to 12 years) — 

Overhead traction 


16 

Plaster cast 


4 

Horizontal traction 


2 

Operative reduction 


3 

Modified Stemman pin 


1 

Total 


26 


TABLE 3 — Influence or Kind of 

Fracture on Method of Treatment 

Method of Treatment 

No of Cases 

Oblique Fractures — 

Overhead traction 

13 

Horizontal traction 

1 

Modified Stemman pin 

1 

— 15 

Transverse Fractures — 

Overhead traction 

5 

Plaster cast 

5 

Open reduction 

3 

Horizontal traction 

1 

Splint 

1 

Greenstick — splint 

— 15 

1 

Total 

31 
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This IS perhaps two or three yeais beyond tlie iippei age limit when 
fractuies may be treated safely by the overhead method A modified 
Stemman pm was used in the case of one patient who sustained a 
compound fracture of the tibia, infected with gas bacilli, which necessi- 
tated cimputation of the entire leg 

The figures in Table 4 demonstrate quite conclusively that the kind 
of fracture is distinctly determined by tbe location, or vice versa With 
one possible exception, all oblique fractures were located m the middle 
third Tiansveise fiactures m the middle third, however, are quite 
frequent, as indicated by a ratio of six transverse to fourteen oblique 
fractuies 

APPARATUS FOR OVERHEAD TRACTION 

One of the greatest advantages of overhead traction is the simplicity 
ot traction and the relatively slight attention required On account 

TABLE 4 — Location of Fractures 


Kind of Fracture No of Cases 

Upper third — 

Transverse 3 

Oblique 0 

Total 3 

Middle third — 

Transverse 6 

Oblique 14 

Greenstick 1 

Total 21 

Lower third — 

Transverse 6 

Oblique (at junction of middle and lower third) 1 

Total 7 


of the decreasing fiaccidity of the hip joint with age, the use of over- 
head traction is restricted, roughly, to patients below the age of 10 A 
decided advantage in treating fractures m infants by this method is the 
cleanliness and immediate lelief of discomfort that it affords We have 
failed, as yet, to see a form of splint or cast which, when applied to a 
patient under the age of 2, could be kept free from urine and feces 
Moreover, children, when put up in splints, almost invariably cry and 
fret for many days following the fracture I believe we have not had a 
single patient who did not cease fretting within twelve hours after the 
application of overhead traction 

The overhead method is applicable to the average child’s bed or 
crib, since practically all of them have head and foot railings of equal 
height A bar is placed horizontally from the top rail of the head 
piece to the top rail of the foot piece Ordinary adhesive strips are 
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used for traction, and applied well up to the site of the fracture 
Reinforcing strips should be applied, preferably honzontally up the 
leg to the line of fracture and not by circular turns, which cause con- 
striction followed by pain and edema A bandage is applied snugly 
around the extremity, not only to keep the limb warm, but also to 
encourage the adhesive to stick A heavy cord is tied to the foot 
piece of the adhesive strip After lifting the extremity to a right 
angle with the bed, the extension cord is carried to a pulley attached 
to the cross-bar, from there it is carried to a pulley at the foot of 
th'=' bed so that the weight hangs out of the child’s reach Coaptation 



Fig 1 — Apparatus for o\erhead traction, sufficient \\ eight is used I)artl> 
to lift the buttock off the bed, one honrontal bar maj be used instead of two 

splints are usually applied in the beginning of the treatment because 
of the support gnen at the site of fracture if the child twists his bod> 
suddeni}' The simplest splints are made by Ia}ing ordinar} wooden 
tongue depressors on a wide adhesne strip at a distance of one-lnlf 
inch (17 cm ), and a similar adhesne stnp applied to co\er tlicm 
The strips should be just wade enough to allow exposure of a half-inch 
of the ends of the tongue depressors This flexible splint is wrapped 
once around the site of fracture after a towel or bandage has been 
applied Wide linen tapes with buckles are most satnfaciore for hold- 
ing the splint in place 
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If desired, instead of using one horizontal bar, two may be laid 
acioss the top rails of the bed at a distance of about a foot apart, and 
the extension pulley tied to a bar connecting the two horizontal bars 
(big 1) This allows a slightly more flexible extension, though it is 
not at all necessary Ordinarily, the limb is held in overhead traction 



Figure 2 Figure 3 

Fig 2 — Oblique fracture of middle third of femur of patient, 4 vears of 
age, roentgenogram taken at time of fracture 

Fig 3 — Same patient as in Figure 2, one and one-haJf years after fracture, 
overhead traction used 


for from three and one-half to four weeks At the end of this time, 
a plaster cast is applied, and at the end of five and one-half or six 
weeks, the patient is discharged The cast need be worn only two or 
three weeks 

This method of treatment, or ones similar, is quite commonly used 
and has been practiced for thirty-five or forty years ^^ery few 


COLE— FRACTURED FEMURS 


707 


reports concerning it, however, are found m the literature It is men- 
tioned by McCosh,^ in 1897, as a practical means of treating fractures 
in children, but no cases are cited Sterns of Cleveland used it in 
infants m 1905, with very successful results A simple modification 
has been suggested by Silver,’’’ consisting in attaching a vertical bar 



Fig 4 — A, oblique fracture of middle third of femur of patient, 2 \ears of 
age, roentgenogram taken at time of fracture, B, appearance of femur tiso 
weeks after fracture and application of o\erhead traction 

to a Bradford frame Mention of overhead traction is found in a 
few of the textbooks'’ on surgert, but no very extensue description 

3 McCosh Ann Surg 26 36S 1897 

4 Sterns New \ork M T 81 992-994 1905 

5 Siher ^nn Surg 49 105-106 1*^09 

6 Warbasse T P Surgical Treatment Pliiladelpbia B Saundtrs 

Compan% 1 590 1919 Stimson L \ Fractures and Dislocation', PliiLdtl- 
phia Lea &. Febiger 1910 p 40S 
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of results is given Various methods of operative reduction, such 
as the use of ice tongs, steel pins, plates and metal rings are employed , 
but certainly they are indicated m a relatively small percentage of 
cases Satta," of Bologne, however, has used the metal ring, similar 
to Parham bands, with very favorable results as secondary treatment in 
coirection of deformity Speed ® has adopted a method of vertical sus- 



F.gure 5 ^ 

F,g 5 —Femur of same patient as m Figure 4, four days after fracture 

Fig 6— Oblique fracture of middle third of femur of patient, 2 years of 
age, roentgenogram taken at time of fracture 


pension, obtaining practically the same traction as m the overhead 
method but it is more complicated, inasmuch as a Thomas splint is 
used i believe that he has been a bit unfair to himself in stating 


7 ^atta F Chir d org di movimento 4 311-345 (July) ^920 

8 Snrl Gynec & Obst 32 527-534 (June) 1921 
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results in terms of anatomic value, because many of his patients in 
whose cases the results were marked poor will quite certainly return a 
few years hence with perfect functional, and probably perfect anatomic, 
results 

Close observation of the progress of healing is made by the portable 
roentgen-ray machine, while the extremity is in traction However, 



Figure 7 Figure 8 

Fig 7 — Same patient as in Figure 6, two and one-half \ears after iratuire, 
oeerhead traction used 

Fig S — Transierse fracture of middle third of femur of patient I’l icars 
of age, roentgcnogrim taken at time of fracture 

Within a few daas the pain of jolting is eliminated and the bed ini\ 
be mo\ed to the roentgen-n\ room as often as de-ircd withotu rli" 
turbance to the child 1 he siniphcit} of the treatment aftords adtqti Ue 
allowance for this 
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ANALYSIS or RESULTS 

Although the condition of the patient when discharged from the 
hospital IS a fan criterion of the ultimate result, accurate estimation 
ot the physical condition cannot be made until he has been observed 
for at least one year Therefore, an attempt has been made to secure t^ie 
greatest number of returns possible However, only eleven of the thirty- 
one patients retuined for observation We hope and rather firmly 
belies e, howevei, that the reason for lailure to get a more complete 
retui n lies in the fact that the results have been so satisfactory that the 
patients deemed an examination unnecessary Especially is this likely, 
since the patient with the onl}' unsatisfactory result was practically the 
first to leturn aftei receiving notification This patient (Fig 17) was an 
infant, 1 year of age, mth a history of greenstick fracture of the middle 
third of the femui, whicli occurred twelve days presious to admission 

TABLE 5 — RnruuN Cvscs 


Method of Treatment and Kind of Fracture No of Cases 
Overhead traction — 

Oblique 4 

Transverse 2 

Operative reduction — 

Transverse 1 

Cast — 

Transverse (very little displacement) 1 

Transverse (very little displacement) 1 

Splint — 

Transverse (two weeks old fracture when received) 1 

Greenstick (twelve days old fracture when received) 1 

Total 11 


It was treated by splints previous to entry to the hospital, and was 
treated so here because apparently only a very slight deformity existed 
The deformity consisted of an anterior bowing which, it was believed, 
could be corrected with minor treatment The error was seen, how- 
ever, after several days’ observation and operative interference was 
advised The mother refused to permit operation and the child was 
discharged under protest Subsequent observations (Fig IS), two 
years later, revealed a marked anterior bowing of the femur, a moderate 
bmp and one-half inch (1 7 cm ) shortening of the limb 

That operative reduction is not necessary in transverse fractures, 
with very few exceptions, is shown quite conclusively by Figures 9 
to 14 Roentgenograms in each case revealed complete displacement, 
with about one-half inch overriding even after several days Observa- 
tion, fourteen months after discharge of one patient, and three years 
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after discharge of the other patient, revealed no deformity except a 
very slight bone thickening There was no subjective evidence of 
fracture whatever 

The oblique fractures, all of which were treated by overhead trac- 
tion, showed no subjective evidence of fracture Roentgenograms 
revealed only a very slight bone thickening In the late pictures of 
some of the oblique fractures, no bone change at all could be seen 



Figure 9 Figure 10 

Fig 9 — Same patient as in Figure 8, three weeks after fracture ind appli- 
cation of oeerhead traction 

Fig 10 — Lateral mcw of femur of same patient as m Figures 8 and 9 t\ o 
\ears after fracture 

Figure 15 represents a transeerse Iracture of the upper third v iiieh v a- 
put up in a cast after attempted reduction The failure ups -cen on 
roentgenographic examination and operatue reduction with ti-c oi 
Lane plates was resorted to b\ Dr Fidier Six weeks liter tht\ efe 
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removed by him Roentgenograms, two years later, revealed perfect 
almement, with a moderate bone thickening, quite certainly more 
thickening than seen m any of the other cases No shortening was 
found and no subjective symptoms were detected 

Perhaps one of the most striking observations is the absence of 
shortening seen in cases which healed with fragments distinctly in an 



Figure 11 Figurt 12 

Fig 11— Anteroposterior view of femur of same patient as m Figures 8, 
9 and 10, two years after fracture 

Fig 12 — Transverse fracture of middle third of femur of patient, 2 years 
of age, roentgenogram taken at time of fracture 

overriding position Moreover, when the patient returns a few years 
later, the affected extremity shows no shortening Repeated roentgeno 
o-rams of the knee joints a few weeks and a few years after treatnien 
reveal no separation of the femur from the tibia due to stretciing o 
the ligaments about the knee joint The question arises as to the occ- 
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Figure 13 Figure 14 

F,g 13 — Same patient as in Figure 12 two ^ears liter iraeture oeerhead 
traction used 


Fig 14 — Transeerse fracture of upper third oi lemur oi patient 4 \iar- o> 
age roentgenogram taken alter attempted reduction and apiilieatio i ni c''n 
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Figure 15 F'gure 16 

Fig IS —Same patient as in Figure 14, six weeks after application of Lane 
plate and six and one-half weeks after fracture 

Pjg 16 — Same patient as in Figures 14 and IS, two years after fracture, 
showing amount of callus remaining 
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tion of the compensation The ligaments of the ankle are not included 
111 the traction at all Furthermore, one cannot conceive of the hip 
joint allowing much room for lengthening of the extremity Appar- 
ently, the only explanation remaining is that young bone yields to the 
constant pull, and thus makes up for the few centimeters necessan,' 
for compensation 



Figure 17 


FiLuri. IS 


p,g 17 Grecnstick fracture of middle third of femur roc itgcnogram taKii 

at time of admission two weeks after fracture operatic e reduction \ as riitised 
and the patient discharged inder protest 


r,g 18— lemur of same patient as m 1 i^ure 17 tc o \ears alter irietu'. 
showing marked anterior bowing dctormitc 
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Two occuiied in cases of osteomyelitis, one in a case of syphilis, and 
the last, in a case of osteitis fibrosa cystica '* One of the fractures 
occurring in an acute case of osteomj'ehtis was an acute case of 
recent onset , the other was an acute case with a history of chronicity, 
several months previously The case of S3^philis was complicated by a 


TABLE 6 — Patiioiogic Fractures 


Cause of Fractures 

No of Cases 

Osteomjelitis 

2 

Syphilis 

1 

Osteitis fibrosa cvstica" 

1 


poliomyelitis paial}sis in the same extremity as the fracture The 
child was given heavy antisyphihtic tieatment and discharged weanng 
a hi ace 

CONCLL.SIONS 

Fiom the foiegomg data, the following conclusions maj be deduced 

1 The immediate shortening due to overriding of fragments m 
growing bone tends to correct itself, even though the fragments have 
healed m overriding position 

2 Alinement of the fiagments is more important than the position 
of the ends of the fragments 

3 Pei feet functional results may be obtained from a transverse 
fracture, with overriding, by using overhead traction 

4 The younger the patient, the more natuie compensates for mal- 
position and surgical inefficiency 

5 Overhead ti action is more applicable, and will give better results, 
than any other method in the treatment of fractured femurs in children 

9 This case is being reported by Dr Sherwood Moore Full details will 
be given in his report 


CORRECTION 

1 1 *‘The punC" 

In the September issue of the Archi\t:s appeared an article oi 
tion of the Gallbladder in Biliary Flow” by Conrad Jacobson an 
A footnote should have accompanied the article to the ^ of the 

mental work on which the article was based was done m the Jacobson 

University of Minnesota Medical School, during the time that 


served as Associate Professor of Surgerj' 
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